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Physiology. — “On the pressure of sound in Cort’s organ”. By 
Prof. H. ZWAARDEMAKER. 


(Communicated in the meeting of May 27, 1905). 


According to the hypothesis of HrLmHoLtz-Hensen the vibrations 
of sound, penetrating into the inner ear by way of the stapes, 
evoke a resonance in-the transversely stretched fibres of the mem- 
brana basilaris. Strong vibrations are imparted to different fibres 
according to the pitch ; these vibrations being communicated to the 
sensory epithelia of Corti’s organ and then becoming the stimulus 
for definite nerve-fibres. We recognise the tone by the nerve-fbres 
which are affected in this way. 

That such short fibres as the transverse fibres of the membrana 
basilaris can resound to the relatively deep tones of the human 
scale is explained by Heımnorsz 1° by the resistance in the fluid 
and in the soft cell-masses (Crausıus’ cells); 2"d, by their being loaded 
with Corti’s arches on which again a whole system of cells rests. 

At first it was imagined that the fibre vibrates in its entire length 
as &a freely stretched string. Later attention has been drawn to the 
fact that the pars arcuata (the part over which the Corti’s arches 
vault themselves) remains largely at rest while the pars pectinata 
(the remaining part of the string, not covered by the arches) makes 
the greatest excursions. But then the difference in length of the 
fibres is no longer sufficient to explain the difference in the pitch 
for which they are tuned, so that also a difference in tension and in 
load must be assumed. ') Examining the proportions of mieroscopical 
preparations and bearing in mind that the arches are more or less 
rigid formations, one is soon convinced that the pars arcuata cannot 
possibly resound to the deep tones of the audible scale. It is not 
the bottom cells on their upper face that are an impediment to this, 
but the large vein on their lower surface. Moreover the transverse 
fibrous structure, which is so dislinet in the pars pectinata is entirely 
absent in the pars arcuata. The property of resounding may on 
sufficient grounds be attributed to the stretched and loaded fibres of 
the pars pectinata only. 

I have tried, as far as this is possible, to reproduce in a model 
the conditions prevailing in Corti’s organ. A horizontal steel string, 
'/, millimetre thick and somewhat longer than a metre, represents 
a transversely stretched fibre of the membrana basilaris. On this 
rests, at one of the ends, a wooden imitation of Corti’s arches. The 


\) A. A. Gray, Journal of anat. and physiol. 1900, Vol. 34. p: 324. 
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other end is fastened, transversely to the direction of vibration, to 
the vibrating prong of an electrieally driven tuning fork. Now, when 
the Corti’s arches are sufficiently loaded (with sponges, or, for 
demonstrations, with a hollowed little board on which a drawing 
has been stuck), the tension of the string being at the same time 
regulated by means of a micrometer screw, it is possible to cause 
the system to resound to the tuning fork so that with small deflec- 
tions of the fork the deflections of the pars pectinata become very 
large. 

In the experiments for study proper, it deserves recommendation 
to attach pins to the wooden Corti’s arches, on which smaller and 
larger sponges can be stuck in various positions. As long as the spon- 
ges are dry the whole system partakes in the vibrations. But when 
water is dropped on them, which is sucked in by the sponges and 
makes them heavier, the damping system is brought to rest and a 
node is formed at the base of the outer pillar. The string can be 
prevented from sinking down too much, by attaching the fixed extre- 
mity of the Corti’s arch to a spring, which keeps it up. The free 
extremity of the arch is placed loose on the string. Sometimes it is 
a little difficult to obtain only vertical movements of the string, 
but by moving the fixed point of support of the Suing forward or 
backward, one always succeeds in this. 

We find then: 

1. broad deflections of the pars pectinata. 
2. immovability of the pars arcuata. 
3. immovability of the Corti’s arches. 
4. immovability of the loading mass. 

This immovability is not absolute, of course; on the contrary, the 
floor, the table, everything in the room vibrates under the influence 
of the tuning fork, but the movements are infinitely small compared 
with the excursions of the pars pectinata and are so insignificant, 
moreover, that a photograph of the parts, called immovable, shows 
absolutely sharp definition. On the same photograph the pars pectinata 
is seen in the extreme positions, which it reaches with broad amplitude. 

The conditions of the model have purposely been so chosen that 
they correspond in general outlines to the conditions actually found 
in Corti’s organ. A complete imitation is impossible, but within the 
limits of technical practicability we have reached here, without any 
preconceived opinion, what can be achieved with the ordinary means 
of the laboratory. Now if we may see in the described model a 
more or less happy imitation of reality and to this assumption we 


are especially entitled by the manner of loading, then it follows that 
5* 
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also in the organ itself as well the Corti’s arches as the loading cells 
remain at rest. But then we must drop all the ideas, which have been 
broadly developed during a long time, about the impact of the ciliae 
of the hair-cells on the membrana tectoria, on the bending of the 
ciliae, ete. Rest prevails in the system of arches and a covibration 
of them is necessarily excluded. 

Yet the imparting of stimuli, which was supposed to be explained 
by the co-vibration of the hairs, need not remain a mystery, if 
attention be paid to the effect of sound-pressure. 

In a paper, entitled “the pressure of vibrations”, Lord RAYLEIGH !) 
has treated a simple case, which ıs nearly identical with outs. It is 
the case of a string, itself infinite, but vibrating between two rings, 
one fixed, the other sliding. When the string vibrates the sliding ring 
is pressed outward, towards the extremity, with an average force 


E 
ne E being the energy of the vibration, / the length of 


the string. 

The base of the outer pillar is in the case of the sliding ring. 
According to Rerzıvs the pillar is one with the semi-solid cell-mass 
of the bottom-cell; from this cell it would originate and form a 
whole with it. In this way at the same time an attachment and a 
small movability in the cell-mass have been obtained. 

But the pillar is not only in juxtaposition with the fibre, but also 
presses on it by the inertia of the large cell-masses with which it 
is connected, as soon as the fibre begins to execute movements. Hence 
the vibrating fibre will in this place present a node and the load 
itself will necessarily have a great influence on the conditions of 
tension during the vibration. 

So the pillar has a double function : 1. that of the movable ring 
of RayıeieH, 2. that of carrier of the inertia of a damping and 
loading mass. In its first quality it receives a pressure in the direc- 
tion of the modiolus, a pressure which can be perfectly measured 
by Raxueıca’s formula. 

In the model this pressure can even be demonstrated. For this 
purpose the pillars were removed and the base of the outer pillar, 
which imparts a node to the string, was replaced by a brass lamella, 
provided with a slit. The split lamella grips the string like a miniature 
fork. In this way the node is preserved. As the lamella is 19,5 em. 
long and 0,1 cm. thick, it possesses a certain mass, which does not 
press on the string since the lamella is placed normally to it, but 
gives a distinet damping as soon as the string vibrates. 


!) Lord Rayıeıch, Philosoph. Magazine (6) Ill. 1902, p. 339, 
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Besides, at its place of attachment the lamella has been made 
considerably thinner (thiekness 0,02 cm.) and consequently flexible 
over a length of 6 centimetres. The result is that the lamella, although 
accurately placed in the node of the vibrating string, will slightly 
deviate outward as soon as the exeursions have become large enough. 
The force by which the little fork is driven outward is undoubtedly 
extremely small. Accordingly the deviation did not exceed 3 mm. 
with a semi-amplitude of the string of 0,4 cm. The new position 
can easily be fixed photographically and be compared with the 
position of rest which is assumed as soon as the string stops vibrating. 
This renders it possible to measure the force. But from a physiolo- 
giecal point of view it has no meaning to perform the actual measu- 
rement on the model although it would be important if it could be 
performed under the actual conditions, for this pressure must be the 
immediate cause of hearing. This will be easily perceived with 
respect to the sensory elements at the modiolus side of the pillars. 

The pressure of sound acting at the base of these outer pillars is 
in the direction of the string and hence of the modiolus. It has a 
component in the direction of the pillar itself. Through this the outer 
pillar, the upper end of which presses loosely against the capitulum 
of the inner pillar, is displaced parallel to itself and the cells at the 
modiolus side of the system must necessarily be compressed, although 
slightly. The pressure which they experience is either entirely con- 
tinuous or periodieally feebly variable. Beginning at the foot of the 
pillar the pressure varies from a maximun at the extreme deflection 
of the string to zero in the position of equilibrium. Higher up in 
the system these differences will probably for the greater part have 
disappeared, though they may remain to some extent. The pressure, 
however, is at all times positive; it never becomes negative, as would 
be the case if ihe Corti’s arches and the loading cells followed the 
vibrations of the string. Since they are at rest, the pressure met with 
in the sensory cells at the modiolus side of the inner pillar must 
always act in the same sense, which is in the direction of the modiolus. 
It is quite possible that also the hairs of the hair-cells experience 
its influence, the effect of which will also be in one direction. 

The maiter is somewhat less simple for the sensory elements situated 
at the inner side of the outer pillar. These appear to me to experience 
no pressure at all from the outer pillar, which is retained in the soft 
cell-mass of the bottom cell. On the other hand such a pressure is 
present from the side of Hrxsen’s cells and also to some extent from 
the side of ihe supporting cells. 

We are at liberty to consider this cell-group, situated at the exterior 
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of the directly sensory elements, also as a RayteıcH ring. We shall 
have to try this the sooner, since in birds the pillars are absent and 
so we cannot regard these formations as essential. If we try again 
to find in Corti’s organ an analogon of RaryLeıcH’s movable ring, 
and in abstracto it is always admissible to seek such an analogy, 
we may never.restriet ourselves to the arches alone. For by doing 
this we should deny the essential meaning of analogy for the physiology 
of hearing. 

So Hrnsen’s cells may also be regarded as a movabie RarLeicH 
ring. They also rest with a relatively narrow foot on the fibres of 
the membrana basilaris, near the foot of the pillar, when the human 
organ of hearing is studied. They will also exert a damping and 
loading influence on the vibrating fibres by their inertia. They will 
also cause a relative node and be shifted laterally, in the direction 
of the modiolus, by the vibration. But if this is the case they also 
squeeze the sensory elements situated between them and the pillar °). 

Beside this lateral pressure, experienced by the cells themselves, 
it is not entirely impossible that also the hairs experience a pressure 
which they now receive through the agency of the lamina reticularis, 
which forms a whole with the capitula of the pillars. This pressure 
will then press them against the membrana tectoria with a some- 
what varying force, but which is always in the positive direction. 

All these reasonings can be simpler for the ear of birds than for 
that of man. The pillars are there absent and only the sensory elements 
and the supporting cells are found. Also this whole lies laterally on 
the fibres of the membrana basilaris and must experience a lateral 
pressure of sound. 

The here developed conception, which deviates from the eurrent 
one, has the important advantage that it reduces hearing to the 
perception of a pressure. The mechanical action of the vibration, 
which in the old form of the theory of Hrımnontz-Hunsen is vibra- 
tory, intermittently positive and negative, now becomes a permanent 
pressure of somewhat varying strength, to be sure, but at all times 
in the same direction, always positive. Hearing becomes the exact 
analogon of tonching and all experience gathered for this latter sense 
we may try to find again mutatis mutandis, in the physiology of 
hearing. 

Also small secondary advantages are gained by the new conception. 

In the first place the simple Juxtaposition of the heads of the 

') For points inward of the node it can be shown in an elementary way that 


the masses there present and situated unilaterally, continually experience impulses 
having a permanent component in the direetion of the node. 
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pillars (showing no joint like the auditory bones) finds an explana- 
tion. For a pressure which is always positive this is suffieient, not 
for a vibration. In the second place it explains the varying shapes 
and aspects presented by the membrana basilaris in the preparations. 
These are very obscure when they concern an integrating part of the 
organ, but are explained very easily if what we see in the prepa- 
rations, is only a coagulated colloid or elastie mass. 

Finally our conception is by no means bound to the theory of 
HELMHOLTZ-HENsEN. It is also acceptable to those who would exchange 
this theory for that of Ewanp. For Lord RarYLeicH treats in his paper 
also the case of a vibrating membrane : “but a membrane with a 
flexible and extensible boundary capable of slipping along the surface, 
provides for two dimensions. If the vibrations be equally distributed 
in the plane, the force outward per unit length of contour will be 
measured by one-half of the superficial density of the total energy”. 

So the theory of the pressure of sound might also be applied 
to a membrane such as is imagined by J. R. Ewap. But his mem- 
brane does not answer the conditions mentioned by RAYLEIGH, so 
that the quantitative relations are not so easily perceived as in the 
above developed case. 

Finally, concerning the modern theories of bearing which I would 
call the pulsatory ones, since they only take into account the bul- 
gings of the membrana basilaris, caused by the piston movement of 
the stapes, the hypothesis of the pressure of sound cannot be applied. 
For these theories purposely neglect the vibratory movements of the 
smallest parts and only take into account the mass-resnlt. If however 
we lose sight of what is the essential thing in a vibration, we also 
lose the right of applying the properties of a vibration. In my 
opinion there can then be no question of pressure of sound. 

The reader will have perceived that the starting-point of our reasoning 
was the probability of the fact that the arcuate zone and the arches 
vaulting .over it remain perfectly at rest. On anatomical grounds this 
is very probable. Should it appear later that this rest is not absolute 
but only relative, the preceding reasoning is none the less valid. 

Only one objection could then be raised, namely the small amount 
of the pressure of sound. This would then have to be placed 
against another small value, that of the possible movement of the 
hair-cells. Hence the question would be a quantitative one. But also 
in this case the two forces, the pressing force and the thrusting 
force, would by no means preclude each other. They would both have 
to be present. For the present we prefer, by assuming immovability, 
to neglect the thrusting force and only to retain the pressing force, 
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Chemistry. — “The solubilities of the isomeric chromie chlorides’ 
By Prof. H. W. Baxnvis RoozrBoom and J. On Jr. 


(Cornmunicated in the meeling of May 27, 1905). 


At the December meeting 1903, a communication was made by 
Baknuuss R00ZEB00M and Arten as to the changes in form which may 
oceur in the solubility-lines of binary mixtures in dependence on the 
quantities of the molecules of a compound which may be formed 
from the components in the liquid mixtures. This subjeet is only 
a part of a more extensive problem embracing the equilibria of 
phases in systems composed of three kinds of bodies between 
which a transformation is possible in. liquid (or vapour). If that 
transformation takes place with greater velocity than the setting 
in of the equilibria of phases, the system will appear externally as 
a binary one, although it is in reality ternary, and in order to 
explain the course of the equilibria of phases we must take into 
account that ternary nature. 

In those cases where the third kind of molecules consists of a 
combination of the two others no instance has, as yet, been noticed 
where a correct view could be formed with certainty as to the inner 
composition of the liquid phase. 

We, however, came across an example where this is quite possible, 
namely in a case where two isomerie substances may be converted 
into each other by dissolving in a third substance. Similar cases may 
frequently occur with all kinds of organıe isomers; but apart from 
the fact that their behaviour has been little investigated from the 
point of view of the equilibria of phases we often lack the means 
to determine the two kinds in solution. That possibility, however, 
presented itself with the isomerie chromie chlorides, which not 
only may be determined in each others’ presence, but also require 
when in solution much more time to reach an equilibrium than is 
necessary to reach the equilibrium between solid matter and solution. 
This rendered it also possible to study the change of the solubility 
as a function of the progressive transformation in the solution. 
Finally, this research could also serve to elueidate the cause of the 
stability or unstability of the isomers, and the most rational method 
of preparing the same from the solution. 

It has long been known that all kinds of salts of trivalent chromium 
when in solution undergo moleeular transformations depending on 
temperature and concentration which are shown by the change in 
colour of the solutions, which may vary from green to violet. 
Only ef late this matter has been better understood when various 
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modifications of the same salt were successfully isolated in a solid 
condition. | 

In the case of chromie chloride two compounds were found to 
exist at the ordinary temperature with 6H,O. In connection with 
his theory on complex compounds, WERNER proposed the following 
structural formulae: 


{Cr (H,0),} Cl, and 


ie 65 


The first salt is violet, the second one green. In the first salt the 
three chlorine atoms should be capable of ionisation; in the latter 
only one. If only these are precipitable by silver solutions ') the 
amount of each salt in a mixed solution may thus be quantitatively 
determined. 

First of all measurements were made at 25° as to the velocity of 
the transformation of solutions with different contents of chromie 
chloride and as to the final condition which they attain. 


Cr a. 2H,0. 


A r 14 


The result of these last investigations is indicated in the Figure 


by the line A@H. 
In this figure A stands for the solvent H,O, B for the green 


1) We found this not to be absolutely correct but the precipitable chlorine could 
n any case be used as a measure for Ihe two salts. 
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and C for the violet chromie chloride. Both are taken in the 
caleulation as hydrates with 6 H,O so that the sum of H,O and the 
two hydrates is always taken as 100 (percentage by weight). 

The line AGH first runs close to the axis AC. This means that 
in weak solutions a final eondition is reached in which the ckromie 
chloride occurs nearly exclusively in the violet modification. 

Strietly speaking this means in the condition in which the violet 
chromie chloride finds itself the moment it has dissolved. Briefly, 
we will call this the violet condition. If, therefore, we make a 
solution of the green chloride of the same concentration the green 
chloride will be almost completely changed into the violet salt. This 
process proceeds slowly enough to admit of its course being studied, 
also to show that both green and violet lead to the same final condition. 

If the amount of hydrated chromie chloride exceeds 20 °/, the line 
AIG begins to run perceptibly upwards and consequently {he final 
condition in the solution shifts more and more towards green. 

In the point / the final equilibrium is situated near an equal 
amount of green and violet. This corresponds with a total of 65 °/, of 
chloride !) of which 32.5 °/, is green and 32.5 °/, violet. 

It will be noticed that we cannot go further than @ because the 
solution there reaches its saturation. If erystallisation did not take 
place the prolongation of the line A/@ could be determined. If 
this may be represented by GH, the terminal point 7 would 
indicate the amount of green and of violet chloride in liquid hydrate 
of chromie chloride (without excess of water); this point would 
therefore lie at about 15°/, violet and 85°/, green. Its determination 
is however impossible as the green hydrate melts at 83° and the 
violet one at 92°. Although the melted hydrates cerystallise very 
slowly still it is difflieult to keep them liquid down to 25°. 

The final condition of solutions of different concentrations thus 
being known, the solubility of the two-hydrates at 25° was studied. 
The saturation was very soon accomplished, D and E represent 
the concentrations of freshly prepared saturated solutions of green 
and violet chloride. 

These, however, soon undergo a modification. In the green solution 
violet chloride is formed and conversely. This causes a change in 
the solubility which runs along the lines DF and EF respectively. 
These show that the total solubility of both green and violet inereases 
as the transformation of green into violet or the reverse proceeds in 
the solution. 


!) This total amount may be read off on AC or AB if we draw from I a line 
parallel with BO. 
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The solutions of the_green cehloride do not however run further 
than @G, where the solution saturated with green also attains the 
inner composition corresponding with the equilibrium at the total 
concentration. Solutions on (@F could only be made by rapidly 
dissolving a mixture of green and violet in the desired proportion 
and then introdueing some solid green chloride. These solutions 
would then, however, recede towards @ as tlıe point of final equili- 
brium of the liquid saturated with green chloride. 

The solutions saturated with violet chlorid run along the line EF. 
The solution F might be at the same time in equilibrium with green 
chloride, but as soon as this occurred the violet would be completely 
converted into the green and then the solution containing the green 
would again shift to @ as a terminal point. 

As the line of equilibrium A @ H intersects the solubility line for the 
green but not that for the violet chlorid, the latter cannot be definitely 
in equilibrium at 25° with any solution, consequently at this tempe- 
rature the green chloride is the only stable one. Even outside the 
solution the violet changes, therefore, after a lapse of time, into the 
green; in contact with the solution this takes place more rapidly. 
This is the reason why the line EF cannot always be followed up. 

The question now arises how it is possible to separate violet 
chloride in the solid condition. This is done by leading gaseous HC] 
into solutions containing at most 30°/, of green chloride and which 
have been recently heated to 100°. | 

Addition of HCl at 25° diminishes in a high degree the solubility 
of both chlorides. 

The two lines DF and EF are shifted towards the left about 
parallel to their original positions and about to the same extent. It 
will be easily seen that the point of interseetion (@ will also move 
towards the left and might finally arrive in the liquid region to the left 
of the equilibrium line. In that case this line would no longer 
interseet DF but EF, a saturated solution of violet chloride would 
then be in inner equilibrium and the violet chloride could be separated 
in a stable condition. 

This, however, is not the case, because the line A(r also moves 
strongly towards the left on addition of HCl and consequently the 
equilibrium in the solution shifts towards the green side. The investi- 
gation showed that the violet chloride is still metastable in contact 
with the solutions rich in HCl; the point of intersection therefore 
remains, obviously, to the right of AIG'even on additon of HCl. 

If, however, we heat to 100° before leading HCl, the line A/@G 
moves very considerably towards the violet side so that it now 
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interseets the solubility isotherm of the violet chloride at 25°. The 
receding of the solutions towards. the green, on cooling, now proceeds 
with suffieient slowness to enable us to preeipitate the violet chloride 
at 25° by means of a current of HCl, which diminishes its solubility. 


Chemistry. — “Nitration of symmetric nitrometaxylene.’ By Dr. 
J. J. BranksmA. (Communicated by Prof. A. F. HoLLEMmAn). 


(Communicated in tbe meeiing of May 27, 1905). 


If symmetrie dinitrophenol or symmetrie dinitromethylaniline is 
treated with mixed nitrie and sulphuric acids, pentanitrophenol or 
pentanitrophenyl-methylnitramine is formed ‘). Consequently the pre- 
sence of the two nitro-groups, which are in the meta-position with 
regard to the OH or NHCH, group does not prevent the introduction 
of another three nitro-groups in the para-position and ortho-positions 
in the benzene core. Symmetrie dinitroanisol and phenetol yield, 
however, on nitration tetranitroanisol or tetranitrophenetol ?); the 
hydrogen atom in the para-position with regard to the oxyalkyl group 
is not replaced by NO, here. As the methyl group on substitution 
in the benzene core behaves in some respects analogous to the 
OH and NH, (or NHCH,) groups it seemed of importance to inves- 
tigate the conduct of symmetrie dinitrotoluene on nitration in order 
to ascertain what influence is exercised here by the NO,-groups 
in the meta position. 

The symmetrie dinitrotoluene was, therefore, heated with mixed 
nitrie and sulphuric acid for two hours on the waterbath; the sub- 
stance had not, however, undergone any change. The presence of 
the nitro-groups in the meta-position with regard to the CH, group 
consequently prevents the further introduction of nitro-groups in the 
positions 2, 4 and 6. If, however, one of the NO,-groups in sym- 
metrie dinitrotoluene is replaced by bromine, this substance may be 
successfully nitrated. Symmetrie bromonitrotoluene yields on treat- 
ment with mixed nitrie and sulphurie acids three isomerie trinitrobro- 
motoluenes which it is, however, diffieult to isolate. 

The question now arose what result is obtained when one of the 
NÖ,-groups of symmetrie dinitrotoluene is replaced by CH,, in other 
words what is the behaviour of symmetrie nitro-m-xylene on nitra- 
tion? For it is known that m-xylene readily yields 2-4-6-trinitro- 


1) Recueil 21, 254. 
?) » 23, 111; 24, 40. 


(1) 


m-xylene. As in the symmetric nitro-m-xylene the NO,-group is 
placed in the meta-position with regard to the CH,-groups it did 
not seem impossible that this NO,-group (like the NO,-groups in 
Symmetrie dinitrophenol and symmetric dinitromethylaniline) would 
not prevent the further introduction of the NO,-groups in the positions 
2, 4 and 6, so that we ought to arrive at tetranitro-m-xylene. 
On the other hand the nitration of m-nitrotoluene !) and symmetric 
dinitrotoluene gave reason for believing that not four but at most 
three nitro-groups would be introduced. 

The symmetric nitrometaxylene was prepared according to Weo- 
BLEWSKI’S directions ?). 

Two grams of this substance were treated for twenty minutes on 
the waterbath with mixed nitrie and sulphurie acids; on cooling, 
long colorless needles were deposited. These were collected at the 
pump on glasswool and recrystallised from alcohol when long, color- 
less needles or rods were obtained, m. p. 125° 

The motherliquor of the acid solution was poured into water 
which caused a white flocculent preecipitate. By reerystallising the 
product from alcohol fine four-sided crystals mixed with a few 
needles were obtained ; the cerystals melted at 90° and the needles 
at 125°. These erystals could be separated by recrystallisation from 
alcohol. From 2 grams of 5-nitro-m-xylene were obtained about 2 
grams of the product melting at 125° and 0.5 gram of the product 
melting at 90°. The analysis showed that both substances had the 
composition of trinitroxylene. 

In the trinitro-m-xylene (m. p. 182°) prepared by nitration of 
m-xylene the nitro-groups occupy the positions 2, and 6. We had, 
therefore obtained the two as yet unknown trinitro-m-xylenes. 


CH; CH CH; 
ern 0, % NO, /NNO, 
| 1,50, > 4239| and 90° 
NO, \/ Ch NO, \ / CH NO, \_ Ch 
No, 


The constitution was determined according to the subjoined scheme. 


CH, CH; CH, 


with ES with N0,/ N with N, /N Br 


CH; CH; CH; CH; EN) 


BT NO, NO, NO, 


SE 


1) in Ann Ann. 215. 366. 

2) Recently, Wırıseropr (Ber. 38. 1473) has deseribed more fully the preparation 
of symmetric nitro-m-xylene. I had then already made this preparalion according 
to WropLewski’s directions. (Ann. der Chem. 207. 94). 


CH CH; CH, 
No, \NO, NO,/NNO, NO, NO, 
gosı Nm 1270] Er 1 
NO,\ CH 2 BIN Cl CH, Nyelb A 
i 
CH; cm, CH, CH, CH, 
VER SIT En NO, /NNO, NO, /NNO, NO, / \NO, 
FAR: meyer (56° 804 ER ame Hy an Ei SS: 
NO, CH3 0, CH; 2 3 CH; 3 3 
yo . . 
CH, CH CH CH, 


8 ® 3 
E N0,/NNO, NO, / \NO, 7 


ee ee 
BrN_/ Cl BeN CH Br / Cha CH,N ae 

NH, Br Br 

We therefore see that the substance melting at 90° is 2-5-6-trinitro- 
m-xylene; the compound melting at 125° must therefore be 4-5-6- 
trinitro-m-xylene. 

Both trinitroxylenes contain a moveable NÖ,-group; in the compound 
m.p. 90° the NO,-group 5 is under the influence of an ortho- and 
a para-placed NO,-group, whilst in the compound melting at 125°, 
the NO,-group 5 stands between two ortho-placed groups. By the 
action of alcoholie ammonia or methylamine these groups are readily 
substituted by NH, or NHCH,. 

Of special interest is also the formation of 4-5-6-trinitro-m-xylene 
from 4-iodo-5-nitro-m-xylene. 

While 4-bromo-5-nitro-m-xylene (see above scheme) and 4-chloro- 
5-nitro-m-xylene readily yield trinitrochloro(bromo)metaxylene on 
treatment with a mixture of nitrie acid (sp. gr. 1.52) and sulphurie 
acid, 4-iodo-5-nitro-m-xylene yields 4-5-6-trinitroxylene with elimina- 
tion of the iodine atom from the benzene core: 


CH; CH; 
NO, \NO, 
51° | ww 165° | 
CH; NO, CH, NO, CH, 
AN 4 a ca 
NO, ln CH, CH, 


After this had been observed, the 4-iodo-6-nitro-m-xylene was also 
nitrated. Here the iodine atom was also replaced by NO, and 2-4-6- 
trinitro-m-xylene was formed m.p. 182°. 


CHz CH; 
no N ng, NO, no, 
123° | — | 86° = 182° 
„mu N CH, 

fi NO, 


4-chloro(bromo)6-nitro-m.xylene yields, however, on subsequent 
nitration 4-chloro(bromo)2-6-dinitro-m.xylene '), This made two cases 
in which an iodine atom was replaced by a NO,-group whilst it 
was shown at the same time that Br and Cl were not displaced by 
the NO,group under the same eireumstances ?). 

If we compare the melting points of the three trinitro-m-xylenes 

CH; CH; 
NO, / 


CHz 
a NO, / N NO, / I 
Re 195 900 


25° | 
CH; NO,\ CH 
NO NO, 


we notice that these are situated the higher the more symmetrical 
the position of the nitro-groups in the core is; this consequently 
agrees with the rule that the melting point of isomerie substances 
is generally the more elevated the more symmetrically constructed 
the molecule is. 

It was also found that the higher the melting point of the three 
isomers is situated the less their solubility in alcohol becomes °). 

Dr. JAEGER was kind enough to examine the crystals of the three 
trinitro-compounds and communicated to me his results. 

2-5-6- Trinitro-1-3-xylene t—= 90° erystallised from alcohol. 

Trielino pinacoidal. a: 5: c—=2.8359::1:0,8510 with A= 117°.2'/,. 
51147337 01207227 a—=100°54 P=106°59 = 117517. 

Forms: a={100}, #010}, p={110} all very lustrous; c={001}, 
striped parallel (c:a); r={l01}, s={300, t= 201}; finally 
o= {111} very narrow and dull. 

4-5-6- Trinitro-1-3-zylene t = 125° cerystallised from alcohol. 

Monoklino prismatic. @a:5 :c= 0.5950:1:0.2706 with 8 = 88°. 11". 
Large long-prismatice cerystals.. Forms d = {010} broad; m = {110} 
also; «= {100} narrow; c= {001} large; r = {101} well developed 
o= {110} very narrow. Cleaves well towards r. 

2-4-6- Trinitro-1-3-xylene. t—=182° crystallised from benzene + 
alcohol. Large thick prismatic very lustrous erystals; well built. 

Rhombic-bipyramidal. a:d:c= 0.6587 :1:0.5045. Forms a= {100}, 


1) Ber. 24. 2012. 

2) Many cases where COOH, SO;H, I etc. is replaced by Br and this in turn by 
Cl or NO, have been described or referred to previously. Rec. 21, 283, 336. 23, 207. 

3) Compare Carneırey and Tuomson, Journ. Chem. Soc. 53, 782. Loery DE Bruyn, 


Rec. 18. 116. 


() 


»n —= {110}, 5={010} broad and lustrous; o—={122} large; r = 102} 
narrower; 9={012} small very completely cleavable towards D, 
fairly so towards a. Optical axial plane is {001}; First diagonal is 
the a-axis. Faint dispersion, apparent axial angle in « monobromo- 
naphtaline about 70°. 

Dr. JaxGEr intends publishing a more detailed examination later on. 

If symmetrie nitro-m-xylene is allowed to remain in contact for 
some time at the ordinary temperature with nitrice acid of sp. gr. 1.52, 
the 4-5-dinitro-product is formed'). If the solution is poured into 
water a white floceulent precipitate is formed, which when recrys- 
tallised from alcohol yields fine, colorless needles m.p. 132°. As this 
substance on subsequent nitration with HNO, and H,SO, yields chiefly 
trinitroxylene m.p. 125° the NO,-group must have been introduced 
into the position 4, for, if it had been introduced into position 2 
the subsequent nitration would have formed exclusively trinitroxylene 
m.p. 90°. 


CH, N CH, 
HNO, NO 
| en: 132°) 150% [19° 
No, Ch NON U 7. NON Ch 
No, No, 


An effort to prepare tetranitro-m-xylene from 4-5-6-trinitro-m-xylene 
ended in failure. The trinitro-xylene was treated at 150° with HNO, 
(sp. gr. 1.52) and H,SO,. The substance was to a large extent 
destroyed but, a small crop of colorless erystals was obtained m.p. 
190°. These erystals were readily soluble in alcohol or warm water; 
the solutions had a strongly acid reaction so that probably one of 
the CH, groups was oxidised to COOH. Tetranitro-m-xylene which 
ought to have readily yielded trinitro-s.xylidine ?) on treatment with 
alcoholice ammonia was not found. 

As the compound described by DrosssacH ’) as trinitro-o-xylene 
has been found by Nöurıne ‘) to be an impure trinitro-n-xylene, four 
of the possible six trinitro-xylenes (0. m. and p.) are now known, 
namely, the three trinitro-m-xylenes and also trinitro-p-xylene. 

Summary. Symmetrie nitro-m-xylene yields on treatment with 
nitric acid 4-5-dinitro-m-xylene; on nitration with HNO, (sp. gr. 1.52) 
and H,SO, two isomeric trinitro-m-xylenes are formed being chiefly 
the 4-5-6-trinitro-1-3-xylene m. p. 125° besides a smaller quantity 
of 2-5-6-trinitro-1-3-xylene m. p. 90°. 

Amsterdam, May 1905. 

1) A perceptible amount of 2-5-dinitro-m-xylene was not found. 

2, Ber. 28. 2047. Rec. 21. 329. 


3) Ber. 19. 2519. 
4) Ber. 35. 634. 
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Physies. — Communication N’ 94b I and II from the physical 
laboratory at Leiden by Prof. H. KAMERLINGH Onnes. 


(Communicated in the meeting of May 27, 1905). 


I. Improvement to the open mercury manometer of reduced height 
with transference of pressure by means of compressed gas. 


In Comm. N° 44, Oct. ’98, $ 6, is described how the steel capillary 
tubes g were cemented on to the glass tubes m (see figs. 1 and 4 
of the plate belonging to Comm. N° 44, of which the part that has 
been modified is reproduced here as fig. 2 of the annexed plate). It 
was also remarked that from time to time these connections became 
defective (they slipped off when soft cement was used, or leaked 
when hard cement was used), and that therefore we were trying to 
find a better method of connecting. Since that time we have succeeded 
in finding a way to make perfectly trustworthy joints. For the useful- 
ness of the manometer this is of great importance. 

Fig. 1 shows the connection as made now. It is based on the 
method of CAILLETET to solder glass on to metal, which method has 
been mentioned in Comm. N’ 27, II, June ’96, for similar purposes 
and as appears from Comms. N’ 85, June ’03, and N°89, Nov. ’03, 
has stood the proof in several cases where it was applied. The steel 
capillary g,, reaches as high as g,, in the glass tube d,, which has 
a wider part Ö,,, containing mercury which is separated from the 
junetures of d,, and p, by a layer of marine glue d,, in d,,. Fol- 
lowing the above mentioned method, the end of d,, has been plati- 
nised, then coppered galvanically and soldered on to p.. 

This connection has quite answered the expectations. With the 
former method when the manometer was put under pressure it some- 
times appeared that minute cracks had come in the sealing wax, 
through which the compressed gas which transfers the pressure from 
one manometer column to the other escaped. In case it escaped 
rapidly, the mercury of one manometer tube flew into the other 
before the pressure could be removed and within a few moments 
the apparatus was defect and wanted a thorough rearrangement to 
become again fit for use. This has never oceurred with the new 
connections, and yet they have been used for a long time. lf atiny 
opening should have remained in the marine glue, the mercury has 
first to pass through it and a mercury drop at p gives warning. Then 
the manometer can be freed in time from pressure and when the leak 
of the single tube is repaired it may be immediately used again. 

6 
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Formerly the escape of the gas which transfers the pressure on 
the mercury with the above mentione« consequences was to be feared 
at the connecting pieces of the steel capillaries q with the cocks X 
and the "T-pieces 7’ (cf. fig. 1, Comm. N’ 44). This was especially 
dangerous as the place where it happened was often detected too 
late. As packing between the flat steel surfaces of the joints for 
cocks, flanged tubes, and J-pieces, we use now only a single sheet 
of parchment paper. Leaks rarely occur. Moreover in the new arrange- 
ment care is taken that each place where gas might escape is kept 
under vaselin oil, so that even the smallest leak betrays itself immedia- 
tely by a gasbulb raising in the oil. 

In order to attain tbis the mounting of T and K is modified as 
shown on the annexed plate. Fig. 2 is a part taken from the 
plate of Comm. N’. 44 (front elevation). Fig. 3 is a top view of this 
part from a section ET. Figs. 4, 5 and 6 next to it show the present 
arrangement in front elevation, section, and top view. The drawings 
do not require much explanation. A) is a wooden case (tinlined and 
protected frem action of mercury by parchment paper), in which are 
placed the tube 4 (vide Cem:m. N. 44) with all the cocks X and 
the "T -pieces 7’ connected with it. (X,, is a loose key on ıhe cock- 
needle, A, is a tap; the contents of the case is about 0.8 hectoliter). 


Il. Improvement in the transference of pressure by compressed 
gas especially for the determination of isothermals. 


The advantages of the transference of pressure from the experi- 
mental apparatus to the measuring apparatus by means of compressed 
gas caused this method to be repeatedly used for experiments at 
Leiden. The drawback of it is, however, that much care is required 
to make connections which are perfectly tight and that it is a very 
elaborate work to seek for leaks, especially when there are a great 
number of connections. It may happen that a whole series ofexperi- 
ments loses its value when the existence of a leak is not immediately 
detected. For some time, therefore, we have arranged those connec- 
tions where the escape of gas is to be feared, (as explained in part I 
of this paper for the open manometer) so that they can be covered 
with vaselin oil and yet are easily reached. It has appeared that 
with the arrangements based upon this principle we can work so 
much more securely and rapidly that it more than balances the 
small complication which sometimes arises when we carry out 
the prineiple. 

As an elucidation we have represented in fig. 7 of the annexed 
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plate the way in which of late we have made the connections for 
the compression tube for piezometer determinations. 

If we compare this figure with plate I, fig. 1, of Comm. N’. 84, 
March ’03, where the same parts are designated with the same letters, 
and also with the description of it given in Comm. N’. 84, then no 
further explanation is required. The upper end of the level glass (”, 
is bent in order to immerse (",, in the oil vessel C',,. The cocks 
and connections which are not kept under oil, as for instance (,, 
are those where a leak must show itself by the outflow of mereury. 


Physics. Communication N’. 94° from the Physical Laboratory 
at Leiden by Prof. H. Kameruing Onnzs. “Methods and appa- 
ratus used in the eryogenic laboratory. VII. A modified eryostat.” 


(Communicated in the Meeting of May 27, 1905) 


$ 1. In several Communications I have described ceryostats based 
on the use of baths of liquefied gas evaporating at ordinary or lower 
pressure. For those ceryostats where, as described in Comm. N’. 14, 
Dec. ’94, I succeeded in maintaining during any desired time a bath 
of '/, to !/, liter of liquid oxygen for measurements at a constant 
low temperature by means of a circulation, no vacuum glass at all 
was used. The whole method had been worked out before Drwar’s 
investigations showed that the vacuum glasses were fit above all for 
storing liquid gases. 

Nor were any vacuum glasses used in the improved ceryostats of 
large dimensions described in Comms. N’. 51, Sept. ’99, and N’. 83, 
Feb. ’03. When we started the measurements for which these 
eryostats were used, we could only obtain sufliciently trustworthy 
vacuum glasses which were blown to fit exactly when we were 
satisffed with small dimensions. 

Since, however, excellent vacuum glasses which are also of large 
dimensions are made to fit, especially by R. Burcer at Berlin, it 
will be possible in many cases to find vacuum glasses of the proper 
size and the just mentioned methods of arranging will be especially 
reserved for those cases where we want vertical walls of plane 
parallel glass, or when the bath must be of excessively large 
dimensions '). 

In Comm. N’. 83 III $6 we already described a eryostat 
of small dimensions constructed by means of a vacuum glass. The 


1) Comp. the end of VII of this Series of Communications. 
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annexed plate shows such a eryostat in a vacuum glass of much 
larger dimensions (9 c.m. internal diameter) which during some 
years has satisfied high requirements. 

The apparatus has served for measurements') with a differential 
thermometer of which one reservoir was filled with hydrogen the 
other with nitrogen, for a comparison of a thermoelement with the 
hydrogen thermometer (cf. Comm. N’. 89) and for measurements 
on the isothermais of: diatomie gases (cf. Comm. N°. 69, April ’01 
and N’. 98, April ’02). If the plate is compared with Comm. N’, 83 
no much further explanation is wanted. The same letters designate the 
same parts. The connections of the eryostat with the regulating apparatus 
for constant temperature are the same as on Pls. I, Vand VIof Comm. 
N’. 83. The stirringapparatus to obtaina uniform temperature is moved 
by an electromotor as is the case with the eryostat represented there. 
During the measurements with the differential thermometer the tempera- 
ture was regulated according to the indications of a thermoelement © 
(which is described in detail in Comm. N°. 89 published lately). 
In the comparison of the thermoelement © with the hydrogen thermo- 
meter one of the thermometerreservoirs on the annexed plate was 
replaced by a resistance thermometer (double ceylinder according to 
Comm. N°. 93, Pl. I, fig. 2, with improvements which will be described 
later on). Moreover in the measurements of isothermals the piezometer 
(cf. Comm. N°,. 69, Pl. I) was put in the place of the second 
thermometerreservoir. 

In order to secure a symmetrical distribution of the current in 
the bath mica screens, (which also serve for insulation) are used if 
necessary (for instance in the resistance thermometer), and a tube 
similar to the thermoelement © was mounted symmetrically with 
the latter. 

The agreement between the mean temperatures of the measuring 
apparatus and the temperature indicator is further promoted by 
making the mean height of the two equal. 

As with the cryostats of Comm. N°. 83 we can reach by means 
of this one a constancy to within 0.01° C. For everything relating 
to this I refer to Comm. N’. 83, 

A silvered vacuumglass being used, there was arranged a float 
(not to be seen in the figure) to show the position of the level of 
the liquid. 

The stopper and the way in which the thermoelement is fixed 

!) The completion of the caleulations of these measurements, on the subject of 


which we shall soon publish a communication, requires some new determinations 
and the application of some corrections, 
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into it is given only schematically in the figure. In the same manner 
as the tube a, the thermoelement is easily introduced and moved 
up and down through a tube arranged for this end. 

The controlling rod for determining the mean temperature of the 
capillary of the thermometer or piezometer could be omitted in 
these measurements. 


$ 2. The working of the cryostats described in the last section 
and in former communications is based upon the cooling caused by 
evaporation at the surface of the liquid. Although the temperature 
in those apparatus is almost everywhere uniform there yet remains 
a colder layer at the surface and a warmer one at the bottom. 
In some measurements it is very disturbing that the temperature 
at the top of the bath is somewhat, though very little, lower than 
elsewhere. In a following communication I hope to be able to give 
drawings of a ceryostat where the bath is surrounded from the bottom 
upwards by vapours of a lower temperature than that of the bath, 
so that if we regulate the pressure there is a continual heating 
instead of a continual cooling at the surface and the normal condition 
that the temperature of the upper part of the bath is higher, is reached. 


Physics. — “Methods and apparatus used in the eryogenic labora- 
tory. VII. Oryostat with liquid o@ygen for temperatures below 
— 210° ©.” Communication N°. 944 from the Physical Labora- 
tory at Leiden by Prof. H. KAMERLINGH ÖNNES. 


In Comm. N°. 83 IV (March ’03) I have described how in one 
of my cryostats constant temperatures between — 195° C. and 
— 210°C. (in round numbers) are maintained by means of liquid 
nitrogen. Whereas between — 180° C. and — 195° C. (in round 
numbers) oxygen is the proper liquid for eryostats, for the range 
between — 195° C. and the freezing point of nitrogen the latter 
substance offers the advantage that its vapour pressure is several 
times larger than that of oxygen and that the quantity of it which 
evaporates at the same quantity of heat supplied, can be taken up by 
a vacuumpump of a much smaller capacity. Moreover if for evapora- 
tion purposes we are obliged to use the same vacuumpump which 
also serves for the methylchloride or ethylene, the difficulties are 
much less with nitrogen than with oxygen. All these reasons made 
us formerly prefer nitrogen for temperatures below — 195° C. For 
temperatures below the freezing-point of nitrogen, however, we are 
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obliged to return to oxygen. Although in this case the volume of 
gas that must be displaced in order to allow the use of the eryostat 
deseribed in the previous paper, becomes very large, still it may 
be controlled at — 217° C. by a BURCKHARDT-WeEISSs vacuumpump, 
arranged as described in Comm. N’. 83 V, which can displace 
360 M? an hour. Fortunately we could set an additional pump working 
to this end. Not only that in this way the BURCKHARDT-WEISS pump 
of the methylehloride eireulation (Comm. 'N°. 87, March ’04) remains 
free, but now there is also little reason to use nitrogen for tempe- 
ratures between — 195° and —210°C. With the same ceryostat 
with oxygen we can produce temperatures ranging from — 180° to 
— 217°C. The arrangement of the eryostat also admits of keeping 
the temperature constant to within 0°.01 a 0°.02 C. 

On the annexed plate figs. 2, 3 represent a eryostat which is 
used for measurements at these low temperatures and which differs 
only in a few minor details from that of the last communication 
(N°. 94c May ’05) to which I refer for fhe rest (the same letters 
denote the same parts). In this eryostat the wires with which the 
valved stirrer is moved up and down do not pass over two pulleys 
%,, so that they run parallel with each other outside the apparatus, 
but they leave the apparatus over a single pulley y,' diverging from 
each other (see fig. 2). Wearing and frietion are lessened by this, 
In the india-rubber tubes surrounding these wires, at distances of 
8 mm. small spirals, 3 mm. high and 3 mm. in diameter, are intro- 
duced, which prevent the compression of the tubes when the pressure 
in the eryostat is reduced. Tube 7/,, is taken wider and had there- 
fore (in order that we still might use the existing apparatus) to be 
flattened at the end where it passes into N ,,'. 

Fig. 1 represents the determination of the isothermals of hydrogen 
by means of the piezometers of Comms. N°. 69, 78, 84 $ 19, 
(general letter P) in this cryostat. The temperature is measured 
(ef. Comm. N’. 83 II) with a thermoelement (Comm. N°. 89), and 
regulated according to the indications of the resistance thermometer 
k (fig. 4 shows this in bottom view). As in the model given in 
Comm. N°. 93, Oct. ’04, (the small letters added to the general letter 
R ‚have the same meaning as in Comm. N°. 93 VII, $ 2), the 
resistance thermometer eonsists of naked platinum wires wound upon 
two glass cylindere and of one proteeting cylinder. The improvements 
which are spoken oa already in the previous paper, consist in using 
instead of the mica sheets %,, 2, 2,, ?, (the form of the supporting 
ridges being modified) the glass tubes z,, &', %,', i,' (hence in the 
figure AR, etc.), so that short cireuiting between the different parts 
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of the resistance is better. prevented. Moreover in the new construc- 
tion. the pins g,, (see fig. 4), which surrounded by glass tubes BEER 
fit into the grooves y,, (see fig. 5, twice the dimensions of fig. 4), 
prevent the cylinders and the supporting ridges during the mounting 
from shifting against each other, which would cause the wires to 
break at the soldering places. Lastly, to prevent that (in consequence 
of being cooled eonduction of heat) water vapour condenses at the 
place where the wires Z,, f,, f,, £, leave the apparatus, the upper 
part of the supporting rod k is made of glass. Therefore we have 
fastened the cap &,, to k,, by means of hard solder, and fixed 
according to CAILLETET’s method (cf. Comm. N’. 945) the glass rod 
k, to this cap. 

The connection of the eryostat with the auxiliary apparatus agrees 
in principle with that of Comm. N° 83 (especially Pls. IV and VI) 
to which I refer for further details. The cryostat represented in this 
paper replaces Cr on Pl. IV. At the place of Exh' Pl. IV, the 
vacuumpump was exhausted by a smaller one, which displaces 
20 M? an hour. This forces the oxygen at normal pressure through 
a solution of caustice soda in order to keep back the oil carried 
along from the vacuumpumps. The small vacuumpump also replaces 
AC of Pl. IV (the lead Zxh' terminates into it at Y,,, the tube with 
caustic soda replaces D, on PI. IV). The oxygen, after having 
bubbled through the caustic soda solution, can without fear of 
explosion be compressed by a BROTHERHOOD-COmpressor arranged as 
deseribed in Comm. N’. 51, Sept. ’99, and lubricated with glycerine 
(ef. Comm. N’ 83 IV). It thus replaces HgC on Pl. IV of N’. 83. 

The admission of liquid oxygen is sometimes effected by directly 
syphoning over liquid oxygen from a vacuum glass into the eryostat, 
As a rule, however, compressed oxygen from a cylinder is used 
and as generally we have a large quantity of cylinders with com- 
pressed oxygen in store, it is supplied from another reservoir tlan 
that in which the sucked off oxygen is compressed (in that case the 
connection RN-D, of plate IV, Comm. N". 83, does not exist). The 
oxygen liquefies in a cooling tube immersed in liquid air (the 
nitrogen in CS of Pl. IV Comm. N’. 83, is replaced by oxygen, 
the oxygen by air) and thence passes through a (see the annexed 
plate) to the eryostat. 

As to the way to keep the temperature constant, the only alteration 
from what has been laid down in Comm. N°. 83 is that with high 
vacua the oil manometer is no longer used and we regulate only by 
means of the cock Y,, (Comm. N°.83) being guided only by signals 
according to the readings of the resistance thermometer. The mean 
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temperature is determined exactly as described in Comm. N". 83. 

The eryostat described could be relatively simple, because a vacuum- 
glass of large dimensions was used. Excellent though a vacuumglass 
may be, it is still always to be feared that it bursts unexpeetedly and 
so damages the measuring apparatus. Indeed, one of the series ot 
measurements was put an end to in this way. Hence, when mea- 
suring apparatus are used to which we attach great value, because, 
for instance, many other measurements have been made with them, 
it is advisable when we want to bring them in baths of constant 
temperature below — 210° C., to use the ceryostat described in 
Comm. N°. 83 III, where, though it is much more complicate than 
the one described here, no vacuum glasses are required, and in this 
the oxygen can be evaporated at a very low pressure, also with the 
aid of the above mentioned large vacuumpump. 


Physics. — “Methods and apparatus used in the eryogenic laboratory. 
IX. The purifying of gases by cooling combined with com- 
pression, especially the preparing of pure hydrogen.” Com- 
munication N’ 94° from the Physical Laboratory at Leiden by 
Prof. H. KAMERLINGH ÖNnNES. 


$ 1. To separate less volatile elements from a gaseous mixture 
by cooling with liquid air belongs now to the ordinary operations 
in laboratories. At Leiden it is applied on a fairly large scale to 
reobtain ethylene in its pure form after it has been mixed with air. 
In the experiments it repeatedly occurs that ethylene is contaminated 
with air; from time to time when in the ethylene cycle of the cascade 
process the condensation pressure of the ethylene increases, the gas 
which remains behind after the greatest part of the gas used in the 
cycle is liquefied, is blown off and replaced by pure ethylene, in 
order to reduce the condensation pressure to its ordinary amount. 
All such mixtures and remnants with a larger or smaller proportion 
of ethylene are collected in a large gasholder because of the expen- 
siveness of this gas. The ethylene is afterwards frozen out from the 
collected gas in a vessel cooled by liquid air. 

By cooling at a normal pressure we can from a mixture of gaseous 
substances which differ very much in volatility, separate a large 
portion of the least volatile substance when we go to temperatures 
which though Iying above the boiling point of the one, reach far 
below that of the other substance. oh much of the impurity is 
still in the remaining gas is then fairly well determined by the 
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vapour pressure of the less volatile element at the temperature of 
cooling. The separation will be much more perfect when we can 
also avail ourselves of compression, as it is the case, for instance, 
when the gas which we want to purify, at the lowest temperature 
to which we can cool, is still above its eritical temperature. 

If we do not take the pressure too high we may assume roughly 
that the degree of purity which we can reach with long continued 
cooling, is at the same temperature directly proportional to the 
pressure to which we compress. In cases where the gas flows through 
a cooled tube, other factors come into consideration, but even then 
compression offers a great advantage. 

I have availed myself of this operation for a last and thorough 
purification of the electrolytice hydrogen (prepared as described in 
Comm. N’. 27, May ’96), which is used for piezometers and thermo- 
meters, when it appeared that notwithstanding it was led through 
drying tubes with phosphorus pentoxide, traces of water still occurred 
in the gas. This purification was effected by cooling hydrogen under 
strong pressure in liquid air. 

A similar method may be recommended to free, for instance, helium 
from admixtures of neon and hydrogen. The degree of purity of 
the helium can be raised considerably by causing the bath (liquid 
hydrogen) to evaporate in vacuo; for this purpose an apparatus is 
being constructed '). 


$ 2. Pure hydrogen for thermometers and piezometers. 

Several improvements have been made to the apparatus for the 
preparation of pure hydrogen (described in Comm. N®. 27). Some 
of them are described in Comm. N’. 60, Sept. ’00. Later the plate 
Hmofsfig.6;+Pl. I, Comm. N’. 27, was riveted to a platinum wire 
(instead of being soldered to the copper wire e) and melted in a 
glass tube which is bent down under the mercury on the bottom of 
the apparatus and is itself filled with mereury. Further the cock d 
was sealed to the bell-jar c, and the sealing place & is kept under 
mercury’to be cooled by it; finally the shutling of the apparatus was 
made easier as the india rubber stoppers in the cover were replaced 
by cone-shaped ones which are pressed on to it by means of a 
small plate and tightening screws and as six tightening rods £ 
instead of three as in the above mentioned figure have been made, 


1) After this had been written and published in the Dutch Proceedings of the 
Academy I found that Drwar in his Bakerian Leeture, Proc. Roy. Soc. Vol. 68, 
1901, recommended the method of adding compression to cooling for purifying 
helium, 
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The electrolytie hydrogen prepared under excess of pressure in 
the improved as apparatus flows off through a fine regulating 
cock (see X, I, Comm. N°. 27). It is, however, not directly 
admitted into u mercury airpump and the measuring apparatus 
which is to be filled, but is first led through a steel capillary to 
the piezometer in a pressure cylinder where pressure is exerted by 
compressed air, as was used in the experiments on the condensation of 
gaseous mixtures (see Comm. N’. 92, Sept. ’04, Pl. I, fig. 1). The 
stem of this piezometer carries a three way stopeock (Comm. N’. 84, 
March ’03 Pl. I figs. 2 and 3), to which are connected on the one 
side the above mentioned capillary, on the other side a copper cooling 
tube (a platinum cooling tube with platinum capillaries would still 
have been better), which at either extremity ends in steel capillaries 
with connections. A high pressure cock, which admits of a fine 
regulation, connects the cooling tube with the mercury air pump 
and the measuring apparatus. All the packings are made of cork, 
the gas itself has no contact with anything but the metal ofthe cooling 
tube and the capillaries, with glass, or with twice distilled mercury. 
After all parts between the generating apparatus and the mercury 
airpump have been carefully exhausted, the gas is admitted from 
the generating apparatus into the piezometer with the cooling tube, 
then the latter are shut off from the generating apparatus and the 
mercury in the piezometer is forced up until a ‚pressure of 60 atm. 
is reached, the cooling tube being immersed in liquid air up to the 
steel capillaries., At the same pressure the gas is then led through 
the regulating cock into the measuring apparatus that are to be filled. 


$ 3. HAydrogen for the cycle with liquid hydrogen. The eommereial 
electrolytie hydrogen is as a rule too much contaminated with oxygen 
and air to serve for a circulation of hydrogen. In order to separate 
these admixtures we may compress it in a cooling tube immersed 
in oxygen, which evaporates in vacuo. The following operation is 
simpler still. The hydrogen is compressed and led through a cooling 
tube immersed in liquid air under normal pressure into the appa- 
ratus where liquid hydrogen is prepared by means of a regenerator 
spiral, which apparatus together with a gasholder, the compressors and 
drying apparatus forms a cycle. The pressure of compression is now 
tegulated so that the compressed gas flows out without blocking the 
delivery cock of the regenerator spiral, at least not as long as this 
cock is opened and shut alternately. The pressure is gradually raised 
higber and higher, while the temperature of the outflowing gas falls, 
and this is continued until the cock is blocked, and the pause during 


(85) 


which we are waiting for the cock to be free again, is used to 
remove that which is deposited at the place intended for the liquid 
hydrogen. Thus it is not diffieult to prepare from the commereial 
hydrogen large quantities of hydrogen with less than 1 pro mille of 
admixture. 


Anatomy. — “On the development of the Cerebellum in Man”. 
(Second Part). By Prof. L. Bork. 


In the first part of this communication the development of the 
Cerebellum is described until the stage in which the sulei ap year 
typical for the mammalian cerebellum. In this stage it is divided 
by the suleus primarius into an anterior and posterior lobe. The 
first of these lobes is separated by three grooves into four lobules, 
corresponding with the lobuli 1, 2, 3 and 4 of the mammalian 
cerebellum. The posterior lobe is also separated by three grooves 
(suleus praepyramidalis, fissura secunda and suleus uvulo-nodularis) 
in four lobules, corresponding with the lobuli A (nodulus), B (uvula), 
C,, (pyramis) and ©, (declive + folium vermis + tuber vermis\, which, 
with a few exceptions, are to be found in the other mammals. In 
these exceptions the suleus praepyramidalis, which separates the lobuli 
C, and (,, is missing, as in Erinaceus (ArnBÄcK CHRisTik LiNDE), 
Notoryctes (ELLiot SmitH), Vesperugo (CHARNOCK BRADLEY), Chryso- 
chloris (Lecae). In this case the posterior lobe is only built up of three 
lobules. The missing of the suleus praepyramidalis in these cerebella 
of extremely simple construction gives rise to the supposition that 
this fissure is phylogenetically the youngest of the primary sulei of 
the cerebellum. This supposition is corroborated by the fact that in 
man the suleus praepyramidalis is ontogenetically the last that appears. 

After the development of these primary sulei, grooves appear 
characteristice for the cerebellum of the primates, and whose homologa 
are wanting in other classes of mammals. 

In embryos of a length from 16 to 22 ce.M. arises a groove on 
the posterior surface of each of the hemispheres, the lateral part of 
which is directed to tbe obtuse angle of the lateral border of the 
cerebellum (Fig. 11 %). The mesial ends of these grooves approaching 
each other, penetrate into the narrow lobule which is bordered by 
the suleus primarius (1) and by the suleus praepyramidalis (4; after- 
wards these grooves unite and divide the lobule in an upper and 
lower half. This differentiation however not always proceeds sym- 
"metrically, so that it may happen, that these grooves do not meet, 
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but that one of them unites with the suleus praepyramidalis; in 
other cases they grow along of each other, causing in this way an 
asymmetry of the lobule, which influences the further lobulisation of 
this region; these cases however are rather exceptional. The appea- 
rance of these grooves is known in literature, and it is generally 
believed that they form the suleus horizontalis. In the beginning I 
inclined to the same opinion, but the study of the abundant material 
which was at my disposition instructed me that this notion is wrong, 
and that this groove, which appears symmetrically, is the sulcus 
superior posterior which separates the lobulus lunatus posterior and 
the lobulus semilunaris superior. The sulcus horizontalis appears 
afterwards in a manner as illustrated in Fig. 12 and 13. 

The fact that the suleus superior posterior arises in an earlier period 
of human embryonic life than the suleus horizontalis seems of interest 
in connection with other particulars of comparativeanatomy. I found 
namely in my researches on the cerebellum of Primates the suleus 
superior posterior appearing phylogenetically before the suleus hori- 
zontalis. All Primates excepted the Arctopithecidae possess a suleus 
superior posterior, whereas a sulcus horizontalis is only to be found 
in Anthropoids, although an indication is also to be found in Ateles. 
After the formation of the sulcus superior posterior, the lobule between 
the suleus primarius and suleus praepyramidalis quickly increases 
in size, the cerebellum becoming convex in its median zone. (Fig. 11 
and 12. 1, 4 and 9). 

In the same period in which the lobulus lunatus posterior - 
bordered by the suleus primarius and the sulcus superior posterior — 
develops its secondary grooves, a short straight groove appears on 
the upperlip of the sulcus praepyramidalis. This groove is the suleus 
horizontalis (Fig. 12 and 13,%), which, contrary to the general concep- 
tion appears in the median portion as an unpaired groove. In the 
beginning therefore the region between suleus horizontalis and suleus 
praepyramidalis is extremely narrow in its median portion, the region 
however between the first suleus and the suleus superior posterior 
being relatively large. The first of these regions becomes the Tuber 
vermis, while the second forms the Folium vermis. If one compares 
the size of these regions with those of the Tuber and Folium vermis 
of the adult cerebellum it is evident that tbere must be a very 
unequal surface-expansion in these adjacent parts of the cerebellum 
and that the development of this organ in man is not as simple as 
it appears. And it may be concluded from the faet that the surface- 
expansion of the lobules takes place with very different intensity that 
the signification of the grooves and lobules is not merely a morpho» 
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logical one. The obvious difference in the extension of the cortex of 
the different lobules ought to have a physiologieal base. 

In the stage of development in which the suleus horizontalis forms 
a short straight groove in the forelip of the suleus praepyramidalis, 
the Tuber vermis does not yet reach the surface, whereas the folium 
vermis, which in a later period is concealed, still appears broadly 
on the surface. This relation is modified by a lamella which mounts 
to the surface from the bottom of the suleus praepyramidalis, and 
which pushing forwards the suleus horizontalis, separates the latter 
from the suleus praepyramidalis (Fig. 12 and 13. A, 4). This lamella, 
arising from the forewall of the suleus praepyramidalis is the first 
“Anlage” of the Tuber vermis. 

At the same time the suleus horizontalis has lengthened and pene- 
trates into the hemispheres, soon being equal in length to the suleus 
superior posterior (Fig. 15c). These sulei include a cuneiform lobule 
with its top directed mesially, on the surface of which arise secon- 
dary furrows, even before the sulcus horizontalis has reached the 
lateral border of the cerebellum (Fig. 15a 5b and c). This wedge- 
shaped lobule is the lobulus semilunaris superior. 

The suleus praepyramidalis has also extended into the hemispheres 
(ef. Fig. 11 till 15. 4) and with that keeps its typical form for a 
long time: namely a median horizontal portion of which the lateral 
parts bend sharply down and back. This typical form enables us to 
recognize easily this groove. By this course of the suleus a second 
ceuneiform lobule is formed with its top directed mesially, bordered 
above by the sulcus horizontalis (A) below by the sulcus praepyramidalis 
(4). This region becomes the lobulus semilunaris inferior. It is remarkable 
that the first groove which subdivides this lobule also rises from the 
upperlip of the suleus praepyramidalis from which again appears 
that here exists a focus of very intense surface-expansion. This groove 
penetrating into the lobulus semilunaris inferior can be seen in 
Fig. 13, 14 and 15 in different phases of development, whereas in 
Fig. 16a a second groove emerges from the underlip of the suleus 
horizontalis, quite near the middleline, which grows out into the 
lobulus semilunaris inferior. By these two intralobular grooves is 
initiated the subdivision of the lobulus semilunaris inferior into three 
sublobuli, a fact, to which Zıeuen has fixed attention. 

The region between the suleus praepyramidalis (4) and the fissura 
‚secunda (2) undergoes but fewer changes and takes part in a slighter 
degree in the surface-expansion. For a long while this area is broadest 
in its. median zone (Fig. 11, 12, 13 and 14) and shows there one 
or two short grooves which are however limited to the middle 
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region and do not penetrate into the hemispheres; this broad middle- 
piece is the Pyramis. The parts of the hemispheres corresponding 
to the Pyramis are separated relatively late from the rest of the 
ccrebellum. This separating is connected with other phenomena 
which are of importance for the topographical relation of the cerebellar 
lobules. The fissura secunda namely, which limites the regions of the 
Uvula and the Tonsilla on the upper side, extends originally from one 
lateral border of the cerebellum to the other (Fig. 11—14). The 
arca however, situated above the transversal zone formed by Uvula 
and Tonsilla, inereases more rapidly in transversal direction than 
the Tonsilla does and in this way the latter is enclosed. By this 
process the fissura secunda ends no longer at the lateral borders of 
the cerebellum, but, if observed from behind, at the myelencephalie 
border (Fig. 15). Now it is mainly that part of the hemispheres 
wlich gets situated at the side of the Tonsillae, which by a narrow 
lamella remains connected with the Pyramis and develops to the 
lobulus biventer. 

The region of the lobulus biventer and Pyramis shows in its lamel- 
lisation a characteristice that indicates that the surface-expansions of 
the middle- and side-pieces are more or less independent of each 
other. Already I drew attention to the fact that in an early period 
of development one or two grooves appear in the Pyramis which 
do not extend into the hemispheres; figures 11—19 show these 
grooves at a number of two or three. Now we see, that the furrows 
of the lobulus biventer take their origin quite independently of those 
of the Pyramis. For according to my preparations the lobulus 
biventer is lamellised in two ways. From the underlip of the suleus 
praepyramidalis arises a groove on some distance from the middleline. 
Tlis groove lengthening itself in a lateral direction reaches the 
margin of the cerebellum and divides the lobulus into an upper 
and under part. In Figures 17, 18 and 19 this groove is indicated 
by a d and is identical with the suleus bipartiens of Zısuen. The 
lamellisation of both parts of the lobulus biventer takes place in a 
different manner. The upper part of this lobule, which is euneiform 
in shape develops new grooves, taking their origin from the underlip 
of the suleus praepyramidalis or from the upperlip of the suleus 
bipartiens, which grooves lengthen laterally ; the grooves of the under 
part, which is a narrow lobule connected with the Pyramis arise 
from the margin of the cerebellum and grow out mesially. Especially 
figure 18 shows very clearly this difference in the folding of the 
cortex Ki both parts of the lobulus biventer, which difference gets 
more important when it is compared with the mode of folding in 
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the Uvula and Tonsillae. Like the Pyramis the Uvula too very soon 
shows one or two transversal grooves, which do not penetrate into 
the Tonsillae. The surface of the last called lobules remains unfolded 
for a remarkably long time (Fig. 17 from a foetus of 29 eM. and 
fig. 18 from one of 32 c.M.) and assumes an oval-shaped rounding. 
But, the folding of the cortex once commenced, it proceeds in the 
same way as in the under part of the lobulus biventer. For as can 
be observed in Fig.16 and 19, the grooves begin on the margin of 
the lobules, i.e. laterally and grow out mesially. In connection with 
this last fact it must be recalled to mind that also the fissure which 
separates the Flocculus from the remainder of the cerebellum first 
appears at the lateral edge of the latter and lengthens afterwards in 
a mesial direction. 

The Floceuli and Nodulus have undergone but little differentiation 
during the described stages of development; the Nodulus has increased 
in surface and in the number of its grooves; while the Floceulus 
in an foetus of 35 c.M. (Fig. 19c) shows only three lamellae. 

A distinet differentiation between the cerebellum and pedunculi 
pontis is indicated sharply in foetus of 25 to 30 c.M. (Cf. 15c, 165, 
17a and 19c). In the foetus of 29 c.M. (Fig. 17a) the fossa lateralis 
is sharply bordered while the sulcus superior posterior (x) ends in 
its fore border and the sulcus horizontalis in its top. 


In the development of the human cerebellum some interesting 
phenomena may be observed, which are worth to be brought in the 
fore-ground and which may be summarised in the following way. 

1°. In the grooving of the human cerebellum two stages may be 
observed ; in the first stage those grooves arise that in general are 
characteristice for the mammalian cerebellum. By these primary 
grooves the organ is divided into an anterior lobus, which is sub- 
divided into four lobules, and into a posterior lobus, which in the 
median plane is also subdivided into four lobules. All these grooves 
take their origin in the middleline. Besides these another groove 
appears, beginning at the lateral border of the cerebellum (Fissura 
parafloccularis). In the second stage those grooves become visible, 
that are typical for the cerebellum of the Primates. 

Ind, After the primary grooves in the first stage having been formed 
the further lobulisation and lamellisation takes place in the second 
stage in a regular way. In the anterior lobe all the grooves take 
origin in the middleline and lengthen laterally ; the same happens 
with the maingrooves of the region between suleus primarius and 
bipartiens, but in the last region there also arise grooves in the 
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hemispheres which are confined to the latter. Finally between the 
suleus bipartiens and the margo myelencephalieus of the cerebellum 
the grooves begin at the border of the hemispheres and grow out 
mesially. The system of the grooves belonging to the Pyramis, Uvula 
and Nodulus forms an independent system, which has no connection 
with the systems of grooves existing in the adjacent parts of the 
hemispheres. Consequently from a morphogenetic point of view three 
zones may be discerned. Anterior zone: all grooves arise in the 
middleline, grow out into the margin of the cerebellum or end at 
some distance ofit. In this zone the system of grooves is an unpaired one. 
Middle zone: the grooves take their origin partly in the middleline 
and extend to the margin of the cerebellum, partly they arise in 
the middle of the hemispheres to which they are confined. This 
system of grooves is a paired one. Posterior zone: there arise grooves 
in the middleline which are confined to a narrow band, while inde- 
pendently of these a second system arises in the hemispheres. /n 
this zone the system of grooves possesses a threefold character. The 
cerebellum of the Primates compared to that of the other Mammals 
is characterized by a progressive development of the anterior and 
middle zones and a regression of the posterior zone. 

3.d, After the first stage of development having been passed there 
arise spheres of intense surface-expansion by the side of others, where 
this expansion is minimal. This is the case with: the most anterior 
part of the Lobus anterior, which develops into the Lingula; further 
with the Folium vernis, which at an early period of development 
reaches the surface as a relatively large lamelle, and the Floceulus, 
the surface of which enlarges very little..Spheres of intense surface- 
expansion are: the region in the middle: line, immediately surround- 
ing the suleus primarius; the forelip of the sulcus praepyramidalis, 
from which arises the whole Tuber valvulae; the region between 
the suleus horizontalis and sulcus praepyramidalis. Especially the 
human cerebellum is distinguished by the mighty development of 
this part. 

The facts brought to notice in 2 and 3 lead to the conelusion 
that the cortex of the cerebellum is not an organ with a homo- 
geneous distributed function, but a well organised entirety with 
localised functions. 

4. In general the anterior lobe keeps ahead of the posterior 
lobe in development, the alu beginning latest in the caudal 
part of the cerebellum. 

5th, In connection with the difference in the mode of lamellisa- 
tion of the zones described in 2, sulei paramediani are wanting in 
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the anterior zone, in tle middle zone they exist, but continuity 
between the lamellae of the hemispheres and of the vermis remains, 
and in the posterior zone they form a complete division between 
the lamellae of the hemispheres and of the vernis. 


Anatomy. — “On the sympathetic nervous system in Monotremes.” 
By A. J. P. v. v. Broxk. (Communicated by Prof. L. Bork). 


The following description contains the results of an investigation 
on the structure of tlıe sympathetic nervous system in Monotremes. 

For this investigation I had at my disposal a female specimen of 
Echidna aculeata and of Ornithorhynchus paradoxus. The sympathetiec 
system of the two specimens resemble each other in many respects, 
i.e. in structure and ramification; in other respects they show 
important differences from placental mammals. 

In the cervical sympathetie chord we find in Echidna one, in 
Ornithorhynchus two ganglia. 

The ganglion cervicale of Echidna is (Fig. 1. g.c.) a rather large, 
oval-shaped body, situated close above the Arteria subelavia. Singular 
or double rami viscerales connect this ganglion with the first as far 
as the fifth cervical nerves included. The ramus visceralis of the 
first cervical nerve does not enter directly into the ganglion cervicale 
but is joined to a nerve that appears at the upper end of this 
ganglion and can be traced as far as the base of the skull (Fig. 1. a.) 
where it enters into a little foramen. Close to the base of the skull 
(Fig. 1. b.) two little twigs branch off this nerve, which go through 
the M. longus colli to the vertebral column. Anastomotical branches 
of this nerve with the Nervus vagus and the ramus descendens 
hypoglossi are under the base of the skull. (Fig. 1. c.). 

In Ornithorhynchus a little part of the cervical ganglion, which 
should be considered as the fusion of the ganglion cervicale suopremum 
and medium in placental mammals, is situated on the atlas as a ganglion 
cervicale supremum (Fig. 2 g. c. s.) and is connected with the first 
cervical nerve. A thick branch of the Nervus vagus enters into the 
ganglion from the lateral side; at the medial side the Nervus laryn- 
geus superior (Fig. 2 1. s.) leaves it. In its course this nerve contains 
a little ganglion before dividing into ramus externus (Fig. 2r. e.l. s.) 
and internus. 

The rami viscerales parting from the second tv the fifth cervical 
nerves included communicate in Ornithorhynchus with the ganglion 
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cervicale, which, as in Echidna, is situated close above the Arteria 
subelavia. 

The communication between the ganglion cervicale and the 
ganglion stellatum is formed in Echidna by two nervestems, which 
form an Ansa Vieussenii round the Arteria subelavia ; in Ornitho- 
rhynchus I only found one nervestem passing backwards round this 
artery. In both, the nerve that passes at the back of the artery is 
connected with the rami viscerales of the sixth and seventh cervical 
nerves, while that of the eighth cervical nerve passes directly into the 
ganglion stellatum. This ganglion also receives the rami viscerales 
of the first and second thoraeie nerves. (The latter in Echidna partly). 

The ganglion cervicale sends out some nerve branches to the heart, 
close to rami cardiaci of the vagus nerve (Fig. 1 and 2 r. c.). In 
Echidna these branches are also sent out from the anterior nervestem 
of the Ansa Vieussenii. 

The cervical sympathetic system in Monotremes differs from that 
of the placental mammals not only by the composition and arrange- 
ment of the cervical ganglia, but also in the nervus vertebralis, 
which is wanting in Monotremes; in both Echidna and Ornitho- 
rhynchus the rami viscerales of the cervical nerves run extravertebral. 
If mechanical influences be the cause of the origin of the vertebral 
nerve (cordon apophyso-vertrebrale of TH£BAuLr ‘), it is important to 
point out the peculiarity of the cervical vertebrae in Monotremes, 
in which the rudiments of the ribs only confuse at a very late stage 
of development with the transverse processus of the vertebrae. 

The visceral branches of the first and second thoracie nerves run 
to the ganglion stellatum; the third till twelfth intercostal nerves 
included are connected by very short rami viscerales with the top 
of triangular ganglia, situated in the spatia intercostalia. 

From the seventlı unto the eleventh spatium intercostale the sym- 
pathetie chord of Echidna is divided into two chords that run parallel, 
the lateral of which is much smaller than the medial one. 

From the latter there goes a nerve in caudo-medial direction, 
which I could follow as far as the aorta. The rami viscerales of the 
ninth and tenth thoracie nerves of Ornithorhynchus divide into two 
rami and go to two sequent ganglia. With both animals the sym- 
pathetic chord, where it receives the ramus communicans of the 
thirteenth thoracie nerve, makes a curve in medial direction and 
penetrates the diaphragm in front of the vertebral column. 


!) Tassaurr. V. Etude sur les rapports qui existent entre le systeme pneumo- 
gastrique et sympathique chez les Oiseaux. 
Annales des Sciences naturelles. Serie 8. Tome VI, p. 1. 
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If one will call this part of the chord homologous to the Nervus 
splanchnieus major ‘of placental mammals, it must be pointed out 
that in this group the Nervus splanchnicus is the entire sympathetie 
nerve. So the segmental caudal limit of this nerve falls in the region 
of the thirteenth or fourteenth thoracie nerve. 

In the abdominal part some differences appear between Echidna 
and Örnithorhynchus. In the former the sympathetie nerve divides 
under the diaphragm into two branches of very unequal dimension. 
The larger of the two passes in medial direction and disappears in 
the corpus suprarenale (Fig.1g.s.r.) after having sent some small 
branches to the kidney. The second, much smaller branch passes in 
caudal direction and is the continuation of the sympathetice chord. 

Into the latter first passes a branch, springing from the sympathetie 
ganglion of the fourteenth thoracie nerve, after that the rami viscerales 
of the succeeding thoracolumbar nerves. 

In Ornithorhynchus the sympathetie chord passes under the dia- 
phragm into an oblong ganglion. From the medial side of this some 
fibres arise, that pass to the suprarenal body (Fig. 2 g. s. r.) and 
the kidney (Fig. 2 n.). With this ganglion communicate moreover 
the rami viscerales of the sixteenth and partly that of the seventeenth 
thoracie nerve. 

In Ornithorhynchus I did not find a ramus visceralis of the fifteenth 
thoracie nerve. 

In EcHipxnA there were separated ganglia where the rami viscerales 
of the fifteenth and sixteenth thoracie nerves join the sympathetie 
nerve. A ganglion splanchnicun (ArnoLp), which occurs in mammals 
in the course of the Nervus splanchnieus major, Monotremes do not 
possess. Probably this ganglion is still contained in the corpus supra- 
renale; this organ we may therefore call in these animals “ganglion 
suprarenale’”. 

Following the sympathetie nerve further in the abdomen we see 
that it receives the rami viscerales of the nerves in regularly arranged 
ganglia of which sometimes two are joined to a single one. (e.g. in 
Örnithorhynchus those of the seventeenth and eighteenth thoraco- 
lumbar nerve). Here and there I found double rami viscerales which 
then pass through the M. psoas in a curve. 

On account of what 1 found in the lumbar part of the sympathetie 
chord in other mammals I am inelined to ascribe the splieing of 
- the rami viscerales to mechanical influences, i.e. to the development 
of the processus transversi of the vertebrae and the M. psoas. 

A division of the rami viscerales in grey and white rami, embracing 
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the intereostal arteries, is described by GAsKELL') from the second 
thoraeie unto the second lumbar nerve in man. I did not observe 
a similar splieing in the Monotremes. 

The most caudal branch of the sympathetie chord to the abdominal 
viscera leaves this chord in Ornithorhynchus at the level of the 
entrance of the ramus visceralis of the eighteenth thoraco-lumbar 
nerve, in Echidna at that of the nineteenth thoraco-lumbar nerve. 

So the caudal limit of the visceral nerves in Monotremes is much 
lower than in man, in whom this limit is described by Bıshor 
Harman’), in accordance with GAskELL at the level of the fifteenth 
thoraco-lumbar nerve. 

In the caudal part of the sympathetie chord I found branches of 
it united with the pudendie nerve. In Ornithorhynchus these eonnect- 
ing branches arose from the chord at the level of the sacral and 
first caudal nerve, in Echidna. at the level of the first till third 
caudal nerves. The plexus hypogastrieus, which in mammals is found 
on the side of the caudal rectum end and the uro-genital canal, 
I found only slightly developed in Monotremes. 

A few observations about the ramifications of the sympathetie 
branches to the abdominal viscera may be added here. 

On the medial side of the suprarenal body two groups of nerve 
fibres appear (in the figures each of them is represented by one 
single line). 

The topmost of the two groups is going to the origin of the Arteria 
coeliaca —+ mesenterica superior (Fig. 1 and 2 a. c. m.) and passes 
into the plexus coeliacus, in which in Ornithorhynchus two separate 
ganglia are to be distinguished. The plexus coeliacus also receives 
a branch of the Nervus vagus. 

The second group of nerve fibres runs to a little quadrangular 
ganglion, situated in the peritöneum at the medial side of the kidney, 
which I will call ganglion renale (Fig. 1 and 2 g.r.). The ganglion 
renale sends off small nerve fibres to the kidney, to the plexus 
coeliacus (or in opposite direction) and continues at its caudal end 
into a nervestem, which runs parallel with the aorta. 

In Ornithorhynehus this nervestem ends in a ganglion (Fig. 2 g.g.) 
which also receives the already described caudal limiting branch for 
the abdominal viscera. 


I) W. Gaskert. The sympathetic nervous system. Nature 1895. 
?) N. Bısuorp Harman. The caudal limit of the lumbar visceral efferent nerves 
in man. 


Journal of Anat. and Physiol. Vol. 32 pg. 403. 


A. J. P. VAN DEN BROEK. “On the sympath 
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From this ganglion (Fig. 2 g.g.) nerve fibres pass to the Arteria 
mesenterica inferior and to the peritoneum in which they could be 
traced unto the urinary bladder. In Echidna I found two separate 
ganglia. In the topmost of the two enters the caudal limiting branch 
from the sympathetic chord, from the other the nerve fibres run in 
the same direction as I mentioned for Ornithorhynehus. 

When we compare Echidna and Ornithorhynchus, it appears that 
Örnithorhynchus approaches a little more to the condition of placental 
mammals in so far as in this species we find a little ganglion 
cervicale supremum which is missing in Echidna and the sympathetie 
chord does not enter directly into the suprarenal body as is the 
case in Echidna. 


Description of figures. 


Fig. 1: Sympathetice chord and prineipal branches of Echidna 
aculeata ®. 
Fig. 2: Sympathetie chord and principal branches of Ornithorhynehus 
paradoxus 2. 
g. ec. s.: ganglion cervicale supremum. 
g. c.: ganglion cervicale. 
n. 1. s.: nervus laryngeus superior 
r. e. n. ]l.: ramus externus nervi laryngei sup. 
e.: rami cardiaci. 
r. nervus recurrens vagi. 
n. ph. nervus phrenicus. 
a. 8. d.: arteria subelavia dextra (too large in relation to the 
oiher arteries). 
a. i. p.: arteria intercostalis prima. 
a. ec. m.: arteria coeliaca — mesenterica superior. 
g. $. r.: corpus suprarenale. 
.: kidney. 
. r: ganglion renale. 
g.: ganglion at the origin of the art. mesenterica inferior. 
m. i.: Arteria mesenterica inferior. 
. 8. : left sympathetie chord. 
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Geology. — “Some observations om the geological structure and origin 
of the Hondsrug”. By Dr. H. G. Jonker. (Communicated by 
Prof. K. Martin). 


For some years already I have been occupied in making obser- 
vations on the structure of the Hondsrug. These are far from heing 
complete yet and also for other reasons it will be impossible for me 
to examine that material with proper care for some time to come. 
Indeed, I should have had no reason for writing about it so soon, 
had it not been for-an essay on this subject by Prof. E. Dusois at 
Haarlem published some years ago, in which a view is taken alto- 
gether differing from the opinion generally adopted till now. As his 
opinions seem to me to be wrong and yet have been propagated to 
an undue extent by their insertion into a little book for the use of 
schools') — 1 have to thank Dr. J. Lorık for this information — 
I consider it my duty at once to develop in a somewhat detailed 
ceritieism, why I do not agree with him in his opinions. 


Eve. Dusois: “The geological structure of the Hondsrug in Drenthe 
and the oriyin of that ridge. (De geologische samen- 
stellimg en de wijze van ontstaan van den. Hondsrug 
in Drenthe).” 

Roy. Acad. of Se., Proceed. of Ihe Sect. of Sc., Meeting of June 28, 1902; 
Vol. V, p. 93—103. (Versl. v. d. gew. Verg. d. Wis- en Nat. Afd. van 31 
Mei en 28 Juni 1902; DI. XI, I, p. 43—50, 150—152.) 

Eve. Dusois: “La structure geologique et Porigine du Hondsrug dans 
la province de Drenthe.’ 

Arch. neerl. d. Sc. exact. et natur., Ser. 2, T. VII, p. 484—496;, 1902. 


Further see: 


J. Loriß: “ Beschrijving van eenige nieunwe grondboringen, V,” p. 20—21. 
Meded. omtr. d. geol. v. Nederland, verz. d. d. comm. v. h. geol. onder- 
zoek, n. 33. 
Verh. d. Kon. Ak. v. Wet., 2e Sectie, dl. X, n?. 5; 1904. 
Evug. Dusois: “On the direction and the starting point of the dihwial 
ice motion over the Netherlands. (Richting en wityangs- 
punt der dihwiale üsbeweging over oms land).” 


Roy. Acad. of Se., Proceed. of the Sect. of Sc., Meeting of May 28, 1904; 
Vol. VII, p. 40—41. (Versl. v. d. gew. Verg, d. Wis- en Nat. Afd. v. 28 Mei 
1904; dl. XII, 1, p. 44—45). 


!) Overzicht van de geologie van Nederland (“Outlines of the geology of the 
Netherlands”), written by a teacher for his pupils. 
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H. G. Jonker: “Bijdragen tot de kennis der sedimentaire zwerfsteenen 
in Nederland. 
I. De Hondsrug in de provincie Groningen. 
1. Inleiding. Cambrische en ondersilurische zwer fsteenen.” 
Acad. Proefschrift, Groningen, 1904; Stelling XV. 


First of all this remark. By the Hondsrug is usually meant a ridge 
extending from Groningen to Emmen in a nearly N. W.-8. E. direc- 
tion. It should however not be thought that a perfeetly eontinuous 
ridge even of but a small height is found here. He who goes by 
bieycle from Groningen by way of Zuidlaren, Gieten, Gasselte, Borger, 
ÖOdoorn, to Emmen, will frequentiy find much diffieulty in recogniz- 
ing the ridge. As then the connection between the elevations 
which in many places are distinctly to be seen, is not always per- 
ceptible, and the examination of various of those parts has shown 
a great distinetion in structure, it is advisable to be very careful in 
dealing with conclusions drawn from examinations of one part. 
Though it may be probable that the origin of the whole Hondsrug 
is attributable to a single factor, this cannot be adopted a priori and 
must be proved by comparison of the examination of the single parts. 
Dusoıs has examined the southern part of the Hondsrug between 
Buinen and Emmen, and has drawn conclusions from the observa- 
tions there, which according to him hold good for the whole Honds- 
rug and even for the whole region of our Northern provinces. It 
might be expected therefore that the author had tested his new hypo- 
thesis by previous observations of the region not examined by him. 
This, however, has not been done; it seems to me that, if he had 
taken previous researches properly into account especially those made 
by Van Carker into the Groningen Hondsrug his opinions would no 
doubt have partially changed '). 

In the first communication — for partieulars the reader is referred 
to the English text, to which the cited pages mentioned below also 
refer — the author demonstrates that the nucleus of the Hondsrug 
in South-Drente consists in diluvium of the Rhine, over which the 
glacial diluvium is pretty regularly spread; on the ridge itself in the 
shape of a bed of boulder-sand, seldom attaining a thickness of1 M.; 
on the sides frequently as more or less thick banks of boulder- 
clay. These rather local observations suggest to him the hypothesis 
that all the land-ice has not reached our country in a direction 
nearly at right angles with the Hondsrug, but on the contrary 


1) The essay does not mention a single source. It seems to me that this makes 
it diffieult for the less expert reader to form an opinion. 
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has flowed in the longitudinal direction of the Hondsrug over our 
Northern provinces. In accordance with this was the mutual sliding 
of the parts of a split boulder of quartzite observed by Dusois. 

That is all. To preclude all misunderstanding I shall quote the 
following passage (p. 100): 

“The situation of the elevated ridge of preglacial sand side by 
side with the long and broad western ') strip of boulder-elay makes 
us also suppose that the direction in which the ice moved was not, 
as is still generally admitted, from north-east to south-west or from 
north to south ?), but the same as the extension of the Hondsrug, 
from north-west to south-east. Now with this supposition perfeetly 
agrees the at first sight paradoxical direction of motion as derived 
from the shifted boulder of quartzite.” 

After stating this hypothesis the author attempts to explain his 
observations more in particular by this. I need not enter into these 
explanations. Be it only said that he tries to support his hypothetical 
direction of ihe ice-flow by a second supposition about the possibility 
of the foreing back of the Scandinavian glacial flow by one coming 
from Scotland in the following words (p. 101): 

“Now that it is known that the direction of ice-streams which 
ended in North-Germany has often been considerably modified by 
the form of the basin of the Baltie and also by the meeting with 
other ice streams, it is less surprising, that, notwithstanding the 
predominaling, or exclusive oceurrence of Swedish, at least Scandi- 
navian ?) rock species in the bottom-moraine of our north-castern 
provinces, these can nevertheless have arrived there in north-west- 
south-eastern direetion. Suchlike factors, as supposed to have modified 
the direction of the North-German ice streams, may have been the 
cause of the deviations of an ice stream, which, coming from Sweden, 
first took a south-western direction over Denmark *), till it arrived in 
the North-Sea. We do not know how far the ice which came down 
from southern Scotland and northern England did progress south- 
eastward in the North-Sea; it might be possible, at least, that as a 


!) The English text is here not perfectly corresponding with the Dutch (p. 49); 
see for this the note on p. 99. 

®) I do not know who ascribes the diluviam of our Northern provinces to a 
glacial flow directed from North to South. 

3) This addition again suggests that the autlıor may think of Norway as the place 
of origin. Besides the greater part of Ihe boulders in the ground-moraine of the 
Hondsrug is less of Swedish than of Baltic ovigin. More about this question 
below. 


# The italics are mine, 
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very powerful stream it has met there with the ice stream coming 
from Sweden and has pushed this back south-eastward in the direction 
of Friesland, Groninghen and Drenthe.” 


I wish to show first that the glacial cover of the Hondsrug in 
Dusois’s sense does not exist. For this it is sufficient to prove that 
in various of the Aighest places of the Hondsrug boulder-elay occurs. 

1st. Moreover Dusoıs himself, in his second communication, in 
which numerous observations of the oceurrence of boulder-elay in 
South-Drente are enumerated, states its presence in various places in 
the Hondsrug between Buinen and Exlo, it is true very near the 
Eastern border but in the highest points of the Hondsrug (p. 102)'). 
At a recent examination of the said section of the N. E. Local 
Railway this also proved to me to be the case. 

2nd, Boulder-clay occurs further at the highest point of the Honds- 
rug near Gasselte. There the N. E. L. R. cuts the ground to a 
depth of 5 M. and at the same place where a bridge has been 
constructed over the new railway (about the highest point of the 
neighbourhood) a bed of boulder-clay 2 M. thick is found under a 
thin sandy layer of vegetable earth. 

3'd, Moreover I wish just to make mention of a clay-pit near 
Zuidlaren, abont 1?/, K.M. outside the village, about 300 M. nortlı 
of ihe road from Zuidlaren to Vries. Though there the hilly character 
of the Hondsrug is less distinetly to be recognized, it is easy to sce 
that the mentioned place is one of the highest of the surroundings. 
The elay-bed is 3 M. thiek there. 

4th, Finally I wish to remind the reader of the characteristies 
in Groningen and south of it. Though the Hondsrug is hardly 
noticed there, it is most characteristice as regards the shape. Well 
then, there, in numerous places, boulder-clay occurs very often at 
the highest places; on the borders there is usually more sand. 

I am not of opinion that from these observations, rather regularly 
spread over the Hondsrug, it follows that boulder-elay, quite contrary 
to Dusois’s opinion, should chiefly or exelusively occur at the highest 
points. For a eonclusion a most aceurate and extensive examination 
is. required. 1 only wish, by the way, to call attention to an 


1) Still Ihe author sees no reason in this lo drop his hypothesis, though he 
says on p. 102: 

“The origin of the Hondsrug according to the hypothesis indicated in the former 
communication can thus only be applied to that western strip of boulder-clay”, 
but for Ihe rest he maintains the opinion once pronounced as also appears from 
his answer to Lorıf’s ceritieism cited before. 


( 100 ) 


opinion already pronounced with regard to this question in the 
“Report of the Board of the Dutch Society for the Reclaiming of 
Heaths to the Provincial Government of Drente about an inquiry 
into the character of the waste land in that Province” '), where 
may be read on p. 16—17 inter alia: “Red clay especially occurs 
on the Hondsrug and chiefly in its highest parts.’ 

On the other hand I: do think I am entitled to say that from 
what is said above appears sufficiently that a distinetion between 
boulder-sand on the ridge itself and boulder-clay only along the 
sides is in reality wanting. 


Moreover the author has, in my opinion, not satisfactorily proved 
that the boulder-sand of the elevations in South-Drente cannot have 
been originated by the wash-out of boulder-elay. He mentions the 
following reasons for this (p. 98—99) : 

1%. “The hard boulder-clay offers great resistance to eroding 
agencies. This appears amongst others from its forming steep and 
more or less projeeting parts at the coast as the Roode Klif, the 
Mirdumer Klif and the Voorst, and even islands, as Urk and 
Wieringen.” | 

Of course, there is no denying the truth of this statement, though 
something might be said against it ag regards the difference in action 
between lateral and normal erosive agencies. But moreover may be 
argued against this that the boulder-elay of the ground-moraine has 
in a much greater number of places partially or altogether disappeared, 
no matter how this may have happened. Besides all kinds of 
intermediate stages between original boulder-elay (as original as we know 
of, at least) and altogether washed-out boulder-elay may be observed. 
In Drente e.g. boulder-clay is nearly everywhere washed-out so much, 
that all limestone has vanished from it. If we consider what impor- 
tant quantities of rock have been lost in this way, the powerful influ- 
ence of such a solution and wash-out cannot be denied. In other 
places, on the contrary, the limestone is found preserved, but nearly 
all the finer parts of the clay washed away, so that the boulders 
lie in more or less elayish sand (which can also vary in many ways 
with boulder-elay which has remained more or less intaet). I mention 
these examples to prove that a general appeal to the resistance of 
boulder-clay to erosive factors in this particular case is of no value. 


I!) “Rapport, uitgebracht door het Dagelijksch Bestuur der Nederlandsche Heide- 
maatschappij aan de Provinciale Staten van Drenthe omtrent een onderzoek naar 
den aard der woeste gronden in die provincie.” (Tijdschr. d. Ned. Heidemaatschı., 
Jg. Xll, 1900. 
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2"d. From his observations Dusoıs has caleulated that about !/,, of 
the volume of the boulder-sand bed has consisted of boulders and as 
in that region boulder-elay is very poor in stones, boulder-clay of 
enormous thickness must have been washed out. 

I have not repeated this computation, but have this .objection that 
I have often observed that the percentage of stones in the boulder- 
clay — which indeed is very different in various places — increases 
very much towards the surface. The required thiekness would decrease 
very much by it and as we know so little about the original thick- 
ness of the ground-moraine, this reasoning does not seem to me to 
settle the question. 

3'd, “The boulder-sand contains very little flint, the boulder-elay 
very much, everywhere. Flint is the kind of rock most frequently 
oceurring in the elay (Odoorn, Zwinderen, Nieuw-Amsterdam, Mir- 
dumer Klif, Nicolaasga, Steenwijkerwold, Wieringen, etc.).” 

First of all the remark that the places outside the Hondsrug, 
mentioned here had better not been taken into consideration. As 
regards the Hondsrug the decision that flint in boulder-celay is the 
prevailing rock is in its generality no doubt wrong. In clay of the 
Hondsrug in Groningen flint is very rare indeed. For example: When 
a pit, about 2'/, M. deep and a diameter of 3 M., was dug in the 
garden of “Klein-Zwitserland” near Harendermolen (the soil consists 
:there chiefly of clayish sand and sandy clay, but with very much 
limestone), there was not a single flint among some thousands of 
boulders which were produced ! This is, less strietly taken, every- 
where the case there. In the Hondsrug in Drente I found some more 
flint in various clay-pits, but it was never predominant. Moreover 
through the disappearance of limestone the percentage is doubled. 
In this respect the Hondsrug differs very much from other parts of 
our glacial diluvium and this in my opinion very interesting cha- 
racteristie will have to be explained satisfactorily. — To mention 
also some observations outside the Hondsrug which argue the 
reverse: the boulder-sand e.g. near Roden is exceedingly rich in 
flint, as it is in Steenbergen, etc. 

This flint therefore does not prove anything. 

4'h, «Even the deepest and evidently not washed out parts of the 
boulder-sand, which rest immediately on the Rhine-sand, are as a 
rule poor in elay.” 

-I do not know what enables Dusois to state that they are not 
washed out. I beg to remind the reader of the vanished lime-stone 
it eontained and the numerous brown veins sometimes as thick as 
an arın, which oceur mostly under the boulder-sand in the white 
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river-diluvium and according to the autlior himself have come from 
the upper-stratum (p. 94—95). 

5", «Boulder-clay and boulder-sand are found jointly or the 
latter alone without this being expressed in the form of the surface.” 

I cannot subseribe to this. My examination has not yet led to an 
established opinion, but in some places I can deeidedly conclude 
from the relief whether we have to do with boulder-sand or with 
clay. I take for example the already mentioned hill near Gasselte, 
which runs nearly in the longitudinal direetion of the Hondsrug. At 
the top we have a thick celay-bed there, which towards the sides 
passes into a thinner layer, at the deepest places altogether consisting 
of boulder-sand. Further observations in this direction are of course 
absolutely necessary before formulating this rule in general. 

Taking all this into consideration, I am of opinion tbat, from the 
five mentioned reasons, it does not follow that the boulder-sand cannot 
be washed out from the clay. In my opinion the author has not 
taken either of the two ways in which this problem can possibly 
be solved: 

1° the comparative mechanical analysis of boulder-sand ‘and boul- 
der-elay ; 

2rd the study of the general petrographical nature and the charac- 
teristies of the surface of the enclosed stones. Nothing has been said 
about this, whereas it seems to me that only in this way it might 
perhaps be proved. whether that is to be looked upon as inner- 
glacial-moraine and not as washed out ground-moraine. 

Taking all this together it gives sufficient proof that the superficial 
structure of the Hondsrug does not correspond with Dugoıs’s opinion. 
The direction of the glacial flow derived from this opinion is not 
supported by anything, apart from the piece of quartzite about which 
I have little to say. In my opinion only one observation like this 
has but very little value; a greater number of course would be of 
great importance. 


Moreover as regards the possibility of a deviation of the direction 
of the Scandinavian glacial flow owing to that of Scotland, I wish 
to make the following remark : 

Not without some surprise have I noticed that Dugoıs represents the 
glacial flow from Sweden as moving first in a South-western direction 
to reach our country over Denmark, though one of the principal 
results of the examination of our boulders by K. Marrın, VAN CALKER 
and SCHRORDER VAN DER Kork is that the glacial flow which has 
produced the glacial diluvium in the North of the Netherlands has 
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been a Baltic one. This makes the author’s opinion unexplainable, the 
more so as my own researches of the last years especially into the 
Groningen Hondsrug have completely confirmed this result. Though 
the examination of the diluvial boulders of Groningen will at least 
take one or two years more, yet I have got so far that I commu- 
nicated part of the first results of my study at the 10! Physical 
and Medical Congress at Arnhem. I refer for this to the Proceedings 
which will no doubt soon be published and only mention here that 
the glacial flow which has created the Groningen diluvium originated 
somewhere in North-Sweden, passed the Älands-islands through the 
Gulf of Bothnia to the South and South-Zust and further reached 
our country passing between Oesel and Gothland in the longitudinal 
direction of the Baltie. About the question whether the direction 
particularly derived as regards Groningen also applies to all the 
other parts of the Hondsrug, I will pronounce no opinion as yet. 
This must be examined more closely. Yet there is no denying the 
prevailing Baltic character of the glacial flow. Such a glacial flow 
then, would have to be supposed to be deviated about 90° through the 
one coming from Scotland. Perhaps after this elucidation Dusoıs, too, 
may abandon the supposition. Otherwise 1 should like to point out 
that, — from a parallelogram with the directions of those glacial flows 
being the cunterminous sides and that of the Hondsrug the resultant, — 
it appears that for such a deviation a force must be ascribed to the 
Seoteh flow much greater than that of the Baltie, a conclusion which 
is diametrically opposed to fact. It is the Scandinavian land-ice which 
has forced back the Scotch, witness the numerous Norwegian boulders 
on England’s east coast, and not the reverse. Nothing has ever been 
heard about English erraties in the Netherlands. If I should find them 
this year in the Texel, I hope to communicate this at once. Till 
that moment this supposition is altogether unsupported and everything 
argues against it. 


In the preceding pages I have made an attempt at refuting Dusois’s 
supposed deviating glacial flow. This seems first of all necessary to 
me, because in case this conception is the right one a great number 
of researches into our “Scandinavian diluvium’” would become doubtful 
and it would be advisable at once to begin a revision. Fortunately 
there is no reason for this yet. 

As regards the remaining contents of the discussed essay, I wish 
to remark that I also objeet to looking upon the Hondsrug as a whole 
as being a terminal moraine by itself. It would carry me too far 
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here to trace how and on what grounds this name came to be 
general. I intend to explain this afterwards at some length. 

Finally one remark more. The nucleus of the Hondsrug in South 
Drente is rightly said to be ofa fluviatile nature. Yet it may be asked 
whether the boulder-sand, to keep to this,”immediately rests on it 
and whether nothing can be observed there of formations known as 
stratified mixed and stratified glacial diluvium. This would indeed be 
very striking and in fact this is not always the case, though I must 
acknowledge that I have found in the discussed part of the Hondsrug 
only with great diffieulty some profiles in which somewhat acute 
bounding lines may be observed. I must however put off this dis- 
cussion. I have mentioned here only so much of my own observa- 
tions as was strietly necessary ; in a complete treatise of it I hope 
to have an opportunity to enter into the question of the origin of 
the Hondsrug more in particulars. 


Groningen, Min.-Geol. Institute, June 6, 1905. 


Astronomy. — “Approxüunate formulae of a hiyh degree of accu- 
racy for the ratio of Ihe triangles in the determination of 
an elliptic orbit from three observations 11.” By J. WEEDER. 
(Communicated by Prof. H. G. van DE SanDE BAKHUYZEN). 


In connection with my paper on the same subject read on 
22 April 1905 I now intend to derive simple approximate formulae 
for the ratio of the triangles, which contain the 3 times of 
observation and the heliocentrie distances belonging to them, and 
include the terms of the 5!" order with respect to the intervals 
of time, it being easy to add, if necessary, those of the sixth order. 
The same problem has been treated by P. Harzer, and in the 
developments at which he arrived he attained a much higher degree 
of precision'). Nevertheless it appears to me that his publication 
does not render mine superfluous because of the different methods 
of the treatment and the coneiseness of my results. 

After the method, followed by Gigs, to derive his fundamental 
equation, we find with satisfactory approximation a general relation 
between the values of a function F(r) at the three instants, its 


second derivatives with regard to the time F(r) at the same instants 


ı) P. Harzer, Ueber die Bestimmung und Verbesserung der Bahnen von 
Himmelskörpern nach drei Beobachtungen. Met einem Anhange unter Mithilfe 
von F. Rıstenearr und W. Eperr berechneter Tafeln. Leipzig 1901. Publication 
der Sternwarte Kiel XI. 
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and the two intervals of time 7, and r,. The value namely, of the 
following expression 


r, (P+R >) er (Pi+# T, -) Er (Fi+R T, a) 


12 12 
where ,—r, + r,, is of the 6!" order with respect to tbe intervals. 


I use the letters C,, C, and C, to designate the multipliers of the 
second derivatives in this expression and put 


—y.d 3 1,8 
UtTz 2 C _ rt, +tT, BRUST, T, 


= ‚C,= 2 .(0,= 
s 12 A 12 2 12 


Neglecting the terms of the 6: order we then have for an arbi- 
trary function of the time, the relation 


EG EN CET. —-6h,=0... (VW) 


provided this function and its first four derivatives be continuous 
and finite within the interval r,. 

Applying this formula to the heliocentrie distance r and to r?, I 
obtain approximate expressions for the semi-parameter p, and the semi- 
axis major a of the elliptie orbit. By eliminating p, from the two well- 

2 1 
known differential equations #r’+r=p and " = a ne —, 1 
find a differential equation which may be easily reduced to 


2 1 1 # — 
= ()=2] — — — |}. Aceording to these relations F = = 
dı? r a 3 


Tr 
En 1 1 
belongs to F=randF=2 (- _ +) rer, 
If as before I put 3 for \/,s, the substitution of #=r in formula 
IV yields the following equation to determine p, 
ver or ta rn, Br) 01p —r)— 6,2, N 
whence: 


p= De) ie C,2,) r,+@G+r62)7 


r (V) 
K2%ır Cat 0 


Through the substitution of #=r” in IV I obtain the equation 


1 1 1 1 1 1 
ur +7 — 26, =), (2 -5)-2% -)=9 


r, a a r, 
whence 
ö ; 2 GPSTN LG, 
a a an 


ee (VI) 
E 2(6, +0G,+6) 
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1 
The terms neglected in these expressions for p and NE of the 


34 order with respect to the intervals of time. 
I shall now proceed to show how we can avail ourselves of these 


values for p and — for the calculation of the ratios of the triangles. 
a 


In my previous paper I have demonstrated that the area of 
the triangle PZP, considered as a function of = k (t—t,) satisfies 
the differential equation F+2zF=0. The same differential equation 
is satisfied by the area of the triangle 7,ZP, considered as a 
function of r—=k(t,—t). The two areas may, according to Mac 
Laurın be expressed in series of the ascending powers of r. If 
the variable r takes the value & (1,—t,) = r,, the two triangles become 
equal to P,ZP,; therefore it will be possible to obtain a new expansion 
in series for double the area A P,ZP,, by putting in the sum of tlıe 
two former series r=r,. From this new series we can easily 
remove the terms with the even powers of r. 

According to this plan I give here first some higher derivatives 
of the function F, expressed in F, F, z and derivatives of z with 
respect to the same variable. 

Au Zum zE 


FV -(?—DF—%F 

FY (43 — 2) F + (33) 

Fi —(—- 244° 4 722 — zIV) F+ 2 (825 — 2zlll) F 

EI er ee )F+ (1322 + 108° — 52V — 2) F. 


triangle PZP, 
Vp 


and that of its first derivative is known, viz. F,=0and F=+ h. 
The above mentioned expansion in series for APZP., is therefore : 


For =0, the value of the function —= F[k(t—t,)]= F (rt) 


DPIPSWDT RATEN: KR, i Ey 
SEN aa Be 3/ wa! ne —32,) Er H (32,8, — 22, ) FyEin 
1 I, j e' ur 
+ = (132,2, + 102,°— 52,!V — 2,’ 7] +7 FYIU (@— u) du. 
0 


The function = @ [k (,—t)] = @ (r) and its derivative also 


take for t=t, or = the values @,—=0 and G, =}, and so 
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for this function, because it satisfies the differential equation @4+z G=0, 
the same expansion holds as for Fr), but while in the series for 
APZP, the derivatives are taken with regard to increasing time, 
those in that for AP,ZP must be considered with regard to decreas- 
ing time. If we make use of the symbols 2, 2, zT ete. to denote deri- 
valives of z with regard to increasing time, the signs of the vdd 
derivatives of z in the expansion for AP,ZP must be reversed. 
Hence we obtain for APR,ZP: 


AP,ZP 
vo 


I NR ee x id. 
PRLET, E area, me (32,2, 22,17) TER 


ltr 
ar 


a % N 
- 7: (132,2, + 102,° — 52, — z,? 7 +J[5 GYT (T — u) du 
0 


and by summation of the two series, for r=[r, 
ä Zei, a 4+% Peg 


£ th, 
Vo 1 5 art 


a EU URN af ; II ; I %° 
+ 3% 7), —32,) Br: (32,2, — 22,7) — (82,2, —22,") (Tas 


r on. er 132,2, 4+103,?—52,!V =] ze 


2 2 7 
Tg 
u! 
+3 Vida (—.u) + avıu (T—u)) du. 
(N) 


lt appears that in this formula the terms with even powers of 
t, can be transformed into series of terms with the higher odd powers 
of r,. In order to do this I derive an expansion in series by which 
this aim is reached in a general manner for the difference / (y) — f(@), f 
being an arbitrary function which between = and y does not show 


singularities. Let here r be put for y— x, and m for y % ” then 
+, | 
IQ) -/@)= f /(m + u) du and after integration by parts: 
ns RT 
Id WHO Surm + Wan 
sa 
8 


Proceedings Royal Acad. Amsterdam. Vol. VII. 
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+; 
As fer (m) du—=0 and f" (m + u) — f" (m) fm (m + v) dv, 
ur u 


we may write instead of ii uf'(m + u) du, the double integral 
+7 u ie 

f u du ah f"!(m +v)dv which by reversing the order of integration 
ala Rh rk 

is transformed into Ah (m + v)do | u du. 


= 2 : x 
I now proceed to integrate with respect to u, and so we obtain 
the following relation: 


+7. 
T 1 
VOICE LO EB Be Paul Teer 
7), 


The operations may be repeated and by doing so we shall find: 


T « 
I) I) = WHO" + 
+3/: 
en 2 er 3 V 
le 4u?) (5 7? — 4u?) fY (m + u) du. 
= 
The expansion may be easily continued in the indicated manner, 
but for the end I have in view that deduced above goes far enough. 
If according to this formula we replace 2, —:, by 
3 
= (2, + 2) 5% (2,'Y + z,'Y), terms of the fifth order are neglected, 


and if we replace (32,3, — 22,1) — (32,2, — 22,11) by 
T 
z 22 + 92,2, Pr 22, + 32,° Tr 3212, yo: 22,'\ )» 


we neglect a quantity of the third order. I propose to terminate 
APZP 


2 1 


the expansion of 2 with the term in r,’, then the above 


mentioned substitutions will not alter the order of approximation. 
So we obtain the following approximate formula: 
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AP,ZER, T, <=, 2 F, y 
er ieta tiert 


— ad + 544 + 42 +4 2,°) + (42,2, +542,° +42, 1V 442, y 


The development is symmetrical with respect to z, and 2, and 
their derivatives, and resolves itself into two parts, which have the 
same form, and which depend besides on r,, only on the value of 
2 and those of the derivatives of z at one point. 

If the a series 


nt +22) > PR Leer vn 
where only the odd powers of the variable  occur, be denoted by U,(r) 
and the corresponding series for z, and its derivatives by U,(r), we get: 
„&P: ZP, _ 
vp 


and the ratios of the triangles may be expressed in the following 
way in these functions U: 


3:0, ) + U.) 


re rk) Ir 

BIT DETRVETE, a 
and 

AB,ZP, __ _Ule)+ Uule) 5 


BP II ED) 


In the series U(r) only such differential quotients oceur as can be 
1 

rationally expressed in p and By means of the known differential 
a 


eyuations of the 1% and of the 2"d order for r 
FRE EN 
r 


1 
we obtain by differentiating 2= = 


#=392 (2-22) 
a r 


:=3# (0-42 - 52) 
a r 
40.2 


while from the differential equation "= 5 e za diffe- 


rentiation with respeet to r and by elimination of z’" the following 


expression is found for z'V. 
g* 


2? 20 22°? 3) 


1V 3 ii 2 4 + 
2 er 2 — Fe) — ._ 
2° Fr 2° 2* 3.222° Bez 
1 . . . 2 .. 
As —, p and the 3 heliocentrie distances r are known, 2, 2 
a 


and z!Y can be computed for each of the 3 points P,, P, and P;. 

For a ceircular orbit all the derivatives of z are equal to zero 

sintVz 

and the function U becomes - 

development we obtain for an elliptic orbit the following approxi- 

mate formula for U, which still contains the 6! power of the 
interval : 


According to the preceding 


42-52) An pr 


By means of the values which take U,ÜU, and U, for the 
values rT,, r, and r, of the argument r, we obtain for n, and 
n, values containing the terms of the 5! order with respect to the 
intervals; while the approximation may be extended to the 6! order, 
if we add to the above mentioned expression for U: 

q! 


5040 
where A and u denote: 


3 
= 59-4252 


2 (— 2 — 120u + 1702? + 3402u — 1020u°). 


2 a r 
er: (2 up D° 2\ 
a 2 
Astronomy. — “Supplement to the account of the determination 


of the longitude of St. Denis (Island of Reunion), executed 
in 1874, containing also a general account of the observation 
of the transit of Venus”. By Prof. J. A. C. OupEmans. 


When I set about to correct the imperfections left in my first 
communication, I began by caleulating for the times of observation 
of the oceultations the correction of Newcom®’s parallactice correction, 
mentioned on p. 603 of my previous paper; as said there this 
correction amounts to 


+ 0"67 sin D —- 0"05 sin (D — 9) — 0"09 sin(D-+ g'), 
where D stands for the mean elongation of the moon from the sun, 
9 for the moon’s mean anomaly, and g’ for that of the sun. 
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D and g could be derived from Tables I and II at the end of 
NEwcomB’s paper !); there, however, in agreement with the method 
introduced by Hansen in his tables of the moon, the unit is not a 
degree, but a mean day, so that the numbers derived from those 
tables must be multiplied by 12°,19 and 13°,065 respectively in 
order to be reduced to degrees. g’ could be derived with a suffieient 
accuracy for our purpose from the tables of LarsEtrAu in the Conn. 
des Temps for 1846. 

The corrections found are, however, not to be applied to the true, but 
to the mean longitude, called by Hansen n dz, and therefore must be 
reduced to corrections of the true longitude by multiplication by 
(1-+ 2ecosg....), and these must again be reduced to corrections 
of right ascension and declination; for the latter reduction I used 
the moon’s hourly motions in R. A. and declination from the Nautical 
Almanac, whence the direction of the moon’s motion with regard 
to the parallel could be directly derived. 

The corrections of the moon’s ephemeris in tlıe Nautical Almanae, 
given by Newcomp on p. 41 of his /nvestigation for each day 
from 1 Sept. 1874 to 31 January 1875, were corrected for the 
two first months by means of the values found; and in the caleula- 
tion of the longitude from the occultations we have now applied 
these corrected corrections, instead of the corrections furnished by 
the meridian observations. It then would become evident which 
corrections were to be preferred, and it soon appeared that it was 
the former. The large corrections in declination found for 19 Sept. 
and 16 Oct. 1874, (— 4".3 and — 4".1) for instance, in consequence 
of which the second oceultation observed on 19 Sept. was formerly 
rejected, were apparently due to the inaceuracy of the meridian 
observations. 

I now shall give the details of my caleulation. (see table p. 112). 

These corrections were added to those given on p. 609 of my 
first account as being interpolated from Newcoms, and then the 
required alterations were made in all the caleulations of the oceul- 
tations. 

Before I passed on to this second communication, I have once more 
thoroughly revised all the computations and thus was able to apply 
some corrections; some oceultations which had been rejected, could 
now be retained after the error had been corrected. 


1) S, Newcome. Investigation of corrections to Hansen’s Tables of the Moon; 
with tables for their application, forming Part III of papers published by the Com- 
mission on the Transit of Venus, Washington, Government Printing Office, 1876. 
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1874  MT.Gr. D | 9 | g' 
Sept. 19 5"8 | 1055 | ascer | 957° 
a4 7.5[|430.5 |283.5 | 29 
2 3.6|140.9 | 294.6 | 960 

2 410.3 |444.1 298.1 | 260 

6  4.8|190.3 | 347.5 | 264 
Oct. 2 4.5)%7.1 | 69.8 | 270 
» 41.6|391.5 | 9.9 | 972 

15 3.8| 61.7 |235.3 | 983 
16 5.0| 74.3 | 248.8 | 284 
17. 1712| 8.7 |2832| 8 
18 8.3 | 10.3 | 276.7 | 286 

19 7.4] 112.5 | 289.7 | 997 


0"67 
sin D 
+0"64 
0.51 
0.42 
0.39 
—0.12 
— 0.67 
—0.62 
0.59 


| 40.64 


40.67 


+0.66 
+0.62 


0"05 
sin(D-9) 
—0"02 
—0.02 
—0.02 
—0.02 
—0.02 
—0.015 
—0.04 
—0.01 
—0.005 
0.00 
0.00 
0.00 


— 0,09 

sin (D4y') 
0200) 
—0.05 
—0.06 
—0.06 
—0.09 
0.005 
40.04 
+0.02 
0.0 
0.02 
—0.04 
0.06 


Saum 


+0"62 
+0.44 
40.34 
40.31 
—0.23 
—0.69 
—0.59 
+0.60 
40.64 


+0.65 
+0.62 
+0.56 


7 


+0""60 
+0.45 
40.355 
40 395 
—0.%6 
a 
0.58 
0.56 
+0.61 
+0 64 
+0,63 
40.58 


| 


Da 
+0"68 = +0°04 
+0.48 — +0.03 
|40. = +0.02 
—0 2 = —0.015 
0.79 = —0 05 
—0.60 = —0.04 
+0.63 — 40.04 
+0.70 = -+0.05 
+0.72 = 40.05 
-+0.68 — 40.045 
+0.60 = -+0.04 
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I shall briefly record the modifications of my previous account !). 

The following are the numbers originally belonging to the obser- 
vations mentioned there: 1, 3, 4, 7, 9, 10, 11, 12, 14, 16, 18, 20, 
0223.024,025, 275528,.29,:80,-31,:32,.347135,.36,.37. 

Hence were rejected the numbers: 2, 5, 6, 8, 13, 15, 17, 19, 21, 
26, 33, 38, 39. 

N’. 2, disappearance of Arg. Z. 233, N°. 77, observed by me on 
the ground of the harbour oflice on 19 Sept., yielded — 21°.31 for 
the correetion of the eastern longitude. It appeared that this large 
value was for the greater part due to the large correetion (— 4"3) 
applied to the moon’s declination as derived from the meridian 
observations. The corrected corrections of Nkwcomß were — 08.45 
and + 0".3 (that of the declination even with another sign), and 
the correction of the eastern longitude became — 6°.85, not larger 
than several others. 

N®s, 5 and 6, disappearances of Arg. Z. 311, No. 72 and 75 
observed by me on the ground of the harbour office on 21 Sept. 
It appeared that in reducing these two observations the correetion 
of the chronometer had been taken from the journal with a wrong 
sign. After rectification of this error the results were satisfactory. 

N’. 8, disappearance of a 9" magnitude star, observed by me on 
the ground of the harbour office on 22 Sept. at 71"38m25s,07, hence 
34m9s after that of 33 Capricorni. I have not succeeded in rectifying 
this observation. Judging from the map which by means of ARGELANDER’S 
Zonae had been constructed preliminary to the observations, it seemed 
that the star could be no other than N°. 18 of A. Z. 255, but then 
the correcetion of the eastern longitude would have been + 58°,24. 
Supposing that an error might have occurred in noting down the 
minute of the time of observation, I repeated the calculation adopting 
the time to be 1 minute later, but now I got: Corr. of the E. longitude 
+ 20,07. The time of observation ought therefore to be taken another 
half minute later, but I did not hold myself justified to do so. 

There still followed two occultations, which were missed through 
clouds, probably one of these two, has been A. Z. 255 N’. 18, and 
the star observed by me does not occur in A. Z. Neither SCHÖNFELD’s 
southern atlas, nor Girr’s catalogue could help me to arrive at a 
conelusion. 

N’. 13, disappearance of 73 Piscium on 26 Septeniber, N°. 15, 
disappearance of 53 Geminorum and N’. 17, disappearance ofa star 


1) In the 3rd column on p. 607 a few clerical or printing errors have crept in: 
for Cordoba II 1589 read Cordoba XVII 1589 and for Gordoba XVII 124 read 


Cordoba XVIII 1612. 
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of the 6'/,!t magnitude, both on 2 October, were recorded as uncertain 
and besides the results were too discordant. Full moon had occurred 
on 25 September; so these disappearances took place at the bright 
limb of the moon, and it is well-known how uncertain their observation 
is then. In. this case a sudden disappearance- can only be observed 
with stars of the 1 or 2"4 magnitude. 

N°. 19, disappearance of B. A C. 5800 on 15 October, also yielded 
a large negative correction of the eastern longitude (—13°,14), but 
there was no reason for rejecting it; the disappearance took place 
at the dark limb, the star was of the 6'/,'" magnitude, hence very 
bright in the telescope, and in the journal of observation uncertainty 
is not mentioned. 

N’. 21, disappearance of A. Z. 223 N’. 48, observed by Mr. 
E. F. van De Sanpe BarnuyzEn on 16 October, yielded + 33°,70; 
N’. 26 disappearance of a star of which the place was 20"5m16° 
— 25°10'46", gave — 120°,6. Both had therefore to be rejected. 

Nor was I more fortunate with N°. 33. The star as determined at 
Leyden gave an unsatisfactory result (+ 21”38°) and I could not 
find in the catalogues another star which fulfills the requirements. 

I succeeded better with N’. 38. N’. 38 had been noted by 
Mr. BAKHUYZEN as disappearance of 5 Piscium on 28 October; it 
appears however that this star was not occulted and that the oceulted 
star could be no other than 24 Piscium; assuming this, I arrived 
at a satisfactory conclusion. 

In the case of N’. 39, disappearance of 59 Geminorum at the 
dark limb on 26 November, we could only obtain a result, that 
was not wholly inadmissible, by assuming a combination of errors. 
Although each of these was in itself not quite improbable, it was 
thought necessary to reject also this observation. 

About N’. 27 I remark that on p. 607 I noted as observers S.B. 
i.e. that both Mr. Sorters and Mr. BaxHuyzEn observed the oceulta- 
tion (disappearance at the dark limb); as the time recorded by 
Mr. BAkHUYZEN was 4 seconds later than that noted by Mr. Sorrkas, I 
accepted the result of the former as the more probable one, the more 
so as it agreed better with the other results. 

Generally, the endeavours to reetify the occultations, which at 
first seemed to have failed, have cost more work than those where 
nothing was wrong. 

Finally I must remark that Mr. Sorrers himself had eorreeted a 
small error of computation in his reduction of the observations, made 
to determine the relative position of our different observing places, 
but had neglected to enter the corrected value in the final table of 
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his results. In eonsequence of this error we must read for the longitude 
east of Greenwich of the observing place on the ground of our 
dwelling house, as given on p. 604 3"41n48s.06 instead of 48,11. 


Taking into account the eorreetions mentioned above, the list of 
results communicated in the Proceedings of March (p. 607 of the prece- 
ding volume) must be modified as given at the end of this paper; 
see tables Ia and 12. 

We then find as correcetion of Germain’s longitude: 


Using disapp. and reapp. indifferently . . —2°.90+0°.64 (m.error) 
Treating them separately . . . . ..—0 .831=1 .22(, „) 


It is much to be regretted we did not succeed in observing more 
reappearances. There is always a greater chance to observe the 
disappearances than the reappearances at the dark limb of the moon. 
A short time after new moon until a few days after first quarter 
we can easily see with a good telescope on the east side of the 
moon stars of the 8{, 9th or perhaps even the 9'/,tk magnitude, of 
which the disappearance may be easily observed; no preparation 
is required for this. 

For the observation of reappearances at the dark limb, a prepa- 
ration by means of star maps is necessary, which takes up much 
time. We must calculate from hour to hour the parallax of the 
moon in R.A. and declination and hence derive its apparent places, 
draw them on the map, and then derive geometrically the instants 
at which the stars considered must reappear. For the most southern 
deelinations the star maps themselves had to be constructed first by 
means of ARGELANDER’S southern Zonae. Moreover it is always desirable 
finally to derive more accurate results by a caleulation according 
to the known formulae. 

The operations described here have been executed as well for the 
days. preceding full moon as for those following it, and it was our 
bad luck that in the latter part of the lunation the weather was 
always unfavourable. 

After this revision of the calculations a small negative correction 
of the longitude of St. Denis according to Germain seems probable, 
although its exact amount is uncertain. We have however, still to 
consider what follows : 

When in 1884 Auwers wanted to determine a fundamental meridian 
for Australia '), for which purpose he chose that of Sypxey, he 
_ used 78 occultations observed from 1873 to 1876 in Windsor (N. 


1) Astron. Nachr. Vol. 110 p. 289-346. 
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S. Wales) by Tessurt and 18 oceultations observed by ELLERY in 
1874 and ’75 at Melbourne. He applied to the ephemerides of the 
moon of the Nautical Almanac the eorrections of Nuwcomp’s Investi- 
gation aud took for the relation between the moon’s radius and 
the horizontal parallax the value = 0.27264 found by me. (Versi. 
en Meded. Akad. Amsterdam Afd. Nat. 1° Reeks, Vol. X p. 25). 

But as nevertheless a constant error’ might occur in the obtained 
results, he caleulated, as a test, a large number of oceultations, 
which had been observed either at Greenwich or at places of 
which the longitude had been determined by telegraph, viz: 31 
observed at Greenwich, 25 at Washington, 40 at Nikolajef, 44 at 
Oxford, 30 at Luxor, 46 at Strassburg, 13 at Leipzig, 7 at Vienna, 
2 at Königsberg, 2 at Moscow, 2 at Pulkowa and 1 at Kiel. 

Thus he was able to derive the correction to be applied to a 
longitude determined by a disappearance at the dark limb, and found 
for this after a graphical compensation : 


1873,0 + 1,08, 
1873,5 + 1,63, 
1874,0 + 219, 
1874,5 + 2,52, 
1875,0 + 2,84, 
1875,5 + 311, 
1876,0 + 3,27, 
1876,5 + 3,38, 
1877,0 + 3,32. 


I have on purpose given this table in full to show how constant 
is the positive sign of the correction. For the reappearances AUWERS 
found a correction which in the mean was larger by + 0°,23. (Although 
this value has been found having regard to weights, it yet seems to 
me rather uncertain ; I find for its mean error + 0°,64). It appears 
from this that this correction is due not to an erroneous value of 
the moon’s radius, but to a slowly varying error still left in the 
tables of the moon. 

Now if we want to apply this correetion — and I consider this as 
quite justified — we must also take for the relation k between the 
apparent radius of the moon and the horizontal parallax the same 
value as Auwers has used and hence apply the necessary correetions 
to our longitude. 

The formulae required for this could be easily derived. Let the 
difference in right ascension between the moon’s centre and the place 
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of the star, after the moon’s parallax, caleulated for the point where 
the oceultation took place, has been added to it with a contrary 
sign, be denoted by I; let the geocentrie radius of the moon (as 
it was used for this caleulation) be—= R, the horizontal parallax = 7 
and the difference in declination between the reduced place of the 
star and the moon’s centre=v, then we have 


1 ee) 
ae 5 VRR, 
and hence 
IR 
a = AR, 
R: 2 
but as R=Ik 
we have oR= MdIk 
IR IR? 0% 
ar he nn 2 
hence f) DET a Teer 


The reduction to be added to the star’s R. A. to get that of the 
apparent moon’s centre is # III, where the 24 term is indepen- 
dent of k and the upper sign of the first is to be used for disap- 
pearances, the lower for reappearances. 

If the hourly motion of the moon in R. A. is Aa, the correction 
zI-+l 
ve re x 3600: 
and the correcetion of the eastern longitude derived from it: 

en 36005. Now as the assumed value of k was 0,272525 
: a 


- we have d& = + 0,000115: 


of the Greenwich mean time of an oceultation is 


0.000115 IA: 
Mamas IR vi 


2 


(Be) ea) 


and 0E.L.— + 3600 x 


— + [0,1814] 


_ where the value in square brackets is a logarithm, and the loga- 
rithms of the other factors may be derived from the former cal- 
eulation. The + sign is to be used for disappearances, the — sign 
for reappearances. 

In this way I have found the correetions given in table II and 
thus obtained corrected values for the longitude. I think it best to 
use indistinetly the results from disappearances and reappearances. 
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We then find as mean correction of 


GERMAIN’s longitude: — 23,15 + 0,79 (mean error) 
the supplementary correction according 

to Auwears is for 1874,80 : + 25,71 & 08,50 ') 
and the final correction is + 0:,56 + 0°,93. 


Although our caleulations were somewhat modified and a systematic 
correction was applied, which seems to be required, we arrive at 
the same conelusion as in our first paper, viz. that the correction of 
the longitude of St. Denis found by (ErMAIN, in so far as we may 
judge from the occultations observed by us, is very small. If we 
pay attention to the mean error of our result, it is not even certain 
whether it is negative or positive, though there is a greater proba- 
bility in favour of a small positive correction. 


In my previous paper I have not mentioned tlıat the reduction 
to 1874 of the places of the stars from all the available catalogues 
has been very carefully executed by Mr. H. Kress, “amanuensis” at 
the Observatory at Utrecht. The derivation of the most probable 
places from the whole material I have made myself. 


It will be interesting to record that the meridian observations of 
the moon, made at Leyden in Sept. and Oct. 1874 by Mr. H. Haca, 
then assistant at the observatory (now professor of physics at the 
university of Groningen), has yielded the following corrections of the 
places in tne Nautical Almanac, previously corrected according to 
Nrwcom®’s Investigation: (see table p. 119) 


1) This mean error has been estimated, and is based on the argument that the 
value of the correction, which was found by graphie compensalion, rests on about 
25 oceultations, while Auwers has arrived at the result (A.N. Bd. 110, column 336) 
that one disappearance at the dark limb yields a longitude, of which the mean 
error may be considered to be + 25,5. 
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1874 Limb. en Remarks. 

&ı A 
Te ee N a ER 
September 21 , I upper 014 —4'"7 | Very unsteady. 

24 | I upper 0.07 +1.3 | Clouds. 
» 26 | II lower —0.28 +0.1 
» 27 | IH lower | —0.08 —+1.9 
» 30 | II lower —0.04 —5.1 | Clouds. 

October AI —0.07 
» 4520 1 0.35 Very faint, uncertain. 
» 20 | I upper 0.22 —1.4 | Very unsteudy. 
» 22 | I upper 0.13 —0.8 
» 24 | I upper —+0.15 —+1.8 
» 26 | II lower —0.08 1.1 
» 27 | II lower —0.12 —+1.3 
» 28 | II lower —0.14 —+2.3 | Clouds. 
» 30 | II upper —0.14 | —0.5 
Mean value: —0°0 | 04 


These results have not yet been published, but have been lately 
communicated to me by Dr. E. F. van DE SanpE BAKHUYZEN. 

It will be desirable also to consider the other determinations of 
the longitude of St. Denis de la Reunion. Dr. E. F. van DE SAnDE 
BAKHUYZEN kindly communicated them to me. These determinations, 
whose results only we shall mention for brevity, were made by 
Lord Linpsay and Dr. CopzLanp on the one side and by Messrs. 
Löw and Prc#uöLz on the other side, on their respective observing- 
stations Belmont and Solitude, both on the isle of Mauritius, the 
differences of longitude of those stations and St. Denis being deter- 
mined by transportation of chronometers. 

Lord Lınpsay and Dr. CopzLann') found for Belmont: 


1) Dun-Echt Observations. Vol: III. p. 171. 
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by means of 52 chronometers on the home 

voyage !) 350040°.03 
from observations of the moon: 
from 11 occultations (7 disappearances and 


4 reappearances at the dark limb) 35507405.60 + 08.33 

from 12 culminations of the moon 42.6 
Assigning to these two results weight 2 and 1, 

we get as mean result 3550m415.27 
Reduction on St. Denis flag-staff determined 

by transportation of chronometers — 8753°.41 
Hence longitude of St. Denis flag-staff E. of Gr. 

from the chronometers | 3b41m46:.62 

from observations of the moon 47 .86 


The German observers found for the longitude 
of Solitude ?) 


from 6 culminations of the moon 3h50m39:.52 = 3.29 
from 3 oceultations 40.33 24292 
whence in the mean 3:50:40:132E 163 
Now Solitude is situated 0:,89 west of Belmont, 
Belmont 8n53 ‚41 east of St. Denis, 
hence Solitude 8.52,52| „ 


>) ”, 2) 


Hence longitude of St. Denis (flag-staff) E. of Gr. 3h41%47s.61 
Combining all these results, omitting only that from the chrono- 
meters (comp.; footnote) we have: 


by means of the longitude of BELMoNT, Weight 

(observations of the moon) 3541m47°,86 + 0°,90 1,25 
by means of the longitude of SOLITUDE, 

(observations of the moon) 47 61 +2,00 0,25 
determination by GERMAIN oaaion! 

of the moon): 47 40 0,76 1,72 


determination by Ouprmans and Bak- 
HUYZEN, (occultations with corrections 
according to AUWERS) : 47,96 0,93 1,16 


Adopted longit. of St. Denis flag-staff 3541m47:,69 + 05,44 4,38 


I) Unfortunately the outward voyage has not yielded any result, because the rates of 
the chronometers after the landing could not be determined, as it had been neglected 
to wind them up. And this aceident also takes off much of the value ofthe home 
voyage, because through this the difference between the rate at sea and that on 
land could not be eliminated. Auwers has already made this remark in: Die 
Venus-Durchgänge 1874 und 1882. Bericht über die Deutschen Beobachtungen, 
Vol. VI p. 265, and therefore we shall also leave this result out of account. 

2) A. Auwers. Die Venus-Durchgänge 1874 und 1882. Bericht über die Deut- 
schen Beobachtungen Vol VI. 
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The longitude of our station now being determined as well as 
possible, I shall proceed to communicate our contact observations of 
Venus and the Sun during the Transit on December 9th, 

Our place of observation was on the battery, in the immediate 
neighbourhood of the pavilion of the heliometer; its longitude must 
therefore be accepted to be 3"41747»,81 -+ 0°,26 — 341m48s,07. 

The ingress took place very early in the morning, the sun being 
only five degrees above the horizon. Unfortunately at sunrise the 
sky was not quite clear. In the east, a few degrees above the horizon 
there was a dark stratus, and it was to be feared that at the instant 
of the second contact the sun would just be behind it. So it happened, 
and this was the more unfortunate as the station R&union had 
expressly been chosen for the observation of that contact. 

At the first contact the sun’s limb was very unsteady. At 5b38m20s 
mean time St. Denis, I thought that I saw an impression on tbe 
sun’s limb, which I held to be made by Venus. A passing cloud, 
however, prevented me from seeing whether I had been right. 
When, after a minute the sun reappeared, I could not distinguish 
the impression on the limb any more. At 5h41m20® it could however 
be seen plainly. The place where I then saw it was exactly the 
same as that where I had thought to see it 3 minutes earlier. However, 
as Venus had moved on 6" during those 3 minutes, the observation 
of the first contact must be considered as having failed. The mean 
between the two instants mentioned is no more ihan a very rough 
approximation. 

As said already, the second contact was missed. 

But both Mr. Sorters and I observed the two last contacts. 


The formulae, given in the Nautical Almanac of 1874 on p: 434 
for the caleulation of the contacts, are: 

For the first external contact: 
t— 1345n58: — [2,5773] o sin — [2,7049] g cos ! cos (A + 136°39'.9), 


for the first internal contact: 

t = 1415m24: — [2,6992] o sin 1— [2,7462] o cos ! cos (A + 147°55'.7), 

for the second internal contact: 

t— 1757m26s + [2,8253] o sin + [2.5265] o cos l cos (A — 99°37.8), 

for the second external contact: 

t—18h26%545 + [2,7374] o sın 2+ [2,5014] o cos lcos(A — 37°50'9); 
The times are given in Greenwich. mean time; and o stands for 

the radius, / for the geocentrie latitude and A for the longitude east 

of Greenwich of the place of observation. 
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If in these formulae we substitute log ge sin 1 = 9.5488 (—), 
log @ cos 1—= 9.9707° (+); 2—= 55°26'95 and add to the obtained 
times the adopted longitude of the battery 3"41m48°.1, the error of 
which does probably not exceed one second, as appears from the 
preceding investigation, we obtain the following results. 


Con- |M. T.Greenw.| M.T. St. Denis Öb5. 0. S, Obs -Comp. 
tact comp. comp. ©. S 
I |413h55m55s,0 | 17n37m43s1 | 17439m508; | —1m17s | 
II |1426 49,3| 18 8 7,4 missed 
IM 117 58 43,5 | 2140 31,6 | 21 3916,22 | 175,6) —1 15 4 —1m145,0 
vie 3834| a1 ns | 9 97|m5| — 18 —0 59,0 


Neither Mr. Sorters who observed with the telescope of the helio- 
meter, nor myself who used the Fraunhofer telescope of Mr. vE 
BkAuroRT !) have seen anything of the so-called black drop. The 
former telescope was provided with the strongest eyepiece, magnifying 
86 times, the latter with one magnifying 121,5 times. 


I shall say only a few words here on the observations with the 
heliometer and the photoheliograph. 

The heliometer made by Merz at Munich has an me through 
its numerous imperfections much trouble and numerous investiga- 
tions relative to the instrument proved later to be valueless. Only 
a few days before the transit took place we detected a defect in 
the construction of the instrument, which rendered the adjustment of 
the parallactie stand illusory, so that all the measured position angles 
were unreliable. Nevertheless I have made complete sets of obser- 
vations with the heliometer, viz. distances of the “Perseus-stars”’, for the 
determination of the scale value and during the transit two sets of 
eight distances between the limbs of Venus and of the sun. This was as 
much as the cloudy state of the atmosphere prevailing during the whole 
transit would allow to do. The first set was made in the ordinary 
manner, the other along the most advantageous chord. (Versi. en 
Meded. Kon. Akad. Amsterdam, Nat. Afd. 2‘ Reeks, Vol. IX,p. 127). 

The division errors of the scales must still be determined ; I hope 
to do this soon and then to revert to these measurements. 

As to the observations with the photoheliograph, unfortunately the 
atmosphere, even in the moments that it allowed measurements with 
the heliometer, had a very bad effect on the cliches made. The 


I) In my previous paper I have erroneously mentioned Mr. Stoor as the owner 
of this telescope; he possessed it in 1835, when Kaiser used it for his observations 
of the comet Halley. 
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Jimbs of Venus are generally so ill defined that there is no question 
of making microscopic measurements. Dr. P. J. Kaiser, assisted by 
Mr. M. B. Rost van Tonsıngen, has done everything in his power 
to succeed, but specially in making photographie observations we 
are powerless against atmospherie conditions. 


I cannot finish this paper without expressing our thanks to the 
Dutch and Dutch East Indian Government, who have assisted the 
expedition to Reunion as much as they could, also to the Teyler 
Society, the “Hollandsche Maatschappij der Wetenschappen”, both 
at Haarlem, to the “Bataafsch Genootschap” at Rotterdam and to 
Mr. ps Beaurort, who contributed effieiently (the Tryıer Society and 
Mr. ps Beaurort by lending the photo-heliograph and a telescope) to 
procure the necessary means to the expedition. We have also cordially 
to thank the Governor of Reunion, (Mr. pe Lormkı)'), the Maire 
of St. Denis, (Med. Dr. Le Sir), the director of the “Banque de 
la Reunion”, (Mr. Brıprr), who often assisted and advised us, and 
further several other inhabitants of St. Denis, who opened their 
houses to us. Among these I mention Messrs. BERTHO, HucoT, DE 
Tourıs and Przzanı. In Mr. CnaıLLiey, watchmaker, we fortunately 
found a clever instrumentmaker, who several times made the necessary 
reparations to our instruments. 

I must also mention that Mr. Sosters (engineer of the Geographical 
service at Java) during the passage from Batavia via Aden to Reunion 
suffered already from the first attacks of a liver-complaint, which 
a few years later, April 10 1879 carried him to his grave. At 
St. Denis he was sometimes for several days unable to assist me at 
the heliometer, then Mr. BakHuyzEn obligingly took his place. On 
these occasions he was looked after with the greatest care by the 
military surgeon Mr. Mvircec. 

Lastly I mention the valuable assistance in several respects given 
by the “amanuensis’” of the expedition Mr. T. F. BLAnken. 


1) Scarcely had we cast anchor in the harbour of St. Denis, when the harbour- 
master arrived in a boat to offer us in the name of the Government his assistance 
to carry ashore the passengers, the luggage and the instruments, 


Proceedings Royal Acad. Amsterdam. Vol. VIII. 


(124 ) 
TABLE la. 


Results for the correction of Germain’s value for the eastern longi- 
tude of St. Denis-Reunion, obtained from oceultations, using 


disappearances and reappearances indistinctly. 


| 

$ | Name or apparent 3 &8 
No| 1874 | 5 Zug] AZ G |\GAL 

2 | place of the star. ||, & 

° 22% 
LEN [em] 
4 |Sept.19| O. | Arg. Z. 223 No0.75 |8| D 4564 | 0.70 | +1215 
2| » » | 0. |Cordoba XVIII.N0.778 | D | —6.85 | 0.60 | —4.11 
Sul 9120: » „NV45899 | 2 | +8.24 | 0.74 .10 
4\ » »|!0. » „N’A6128 | 2 | +8.56 | 0.60 5.14 
5! » A| 0. | Arg. Z. 311 No.72 9 | 2 | —6.02 | 0.0 | —5.2 
6| » »|0. »»» .» 5[|84]| D| —6.75 0.99 —6.72 
7| » 22] O. | 33 Capricorni 54] D| 43.12 | 0.29 ! 40.90 
9| » »|O. | Arg. Z. 355 No.97 7 | D | —6.75*| 0.50. | —3.38 
104 » » 0. »» 9» .» 3928| 2| —0.42 | 0.63 | —0.26 
44 1u.95.22| 0. » » 9» .» 3418| | —1.37| 0.89 | —1.22 
421.9 »100:. » »».»53517| D| —4.99 | 0.97 | —4.84 
44| » 2% 0. | 73 Piscium 64 2 | +3.13°| 0.9 | +2.85 
46 |Oct. 2] B. | 53 run 6| R | —2.07*| 0.28 : 

u Om 395.60 
1831» 40. 1290 57" 38".7 73 R | 1.70 | 1.00 | +1.70 
49| » 1415| O. | B. A. C. 5800 64] D |—13.14 | 0.27 | —3.55 
20| » 1416| B. | Arg. Z. 223 No.47 8 | D | —4.99 | 1.00 | —4.99 
uym 53 - 
2|»»[|B Een 9| »| 0.13 | 0.40. | +0.05 
23| » » |B.O.| Arg. Z. 223 No.49 8 | D | —4.09 | 0.95 | —3.89 
2%4\ » » |BO. » »» » 5219| | —4.03 | 0.515) —2.08 
2355| » » |BO| » » » » 5118| 2 | —3.59 | 0.49 | —1.76 
al » »|B. (os 8| D | —5.53 | 0.99 | —5.47 
23)» »|B ould eh o) | D | —1.00 | 0.87 | —0.87 
A9u9m35s,7 i 
291 297.171.0: —2705417".73) 94 D| 40.02 | 0.19 0.00 
30| » »|O. | Arg. Z. 241 No. 9 |84| D | —6.95 | 0.58 | —4.03 
A1| » »|0. » » 231 » 12 8%] D| —2.40 | 0.35 | —0.84 
32) » »]|0.| » »» » 4 81 D| —6.11 | 0.62 —3.79 | 
3| » 48 B. » » 239 » 1038| D | —6.47 | 0.95 | —6.15 
35| » 19 B. » » 47 » 9 9 | D | —2.79 | 0.98 | —2.73 
So yEDERBAK a 6| D| —A.46 | 0.97 | —4.33 
uyJm 8./\ 

|» »|B.|( Hear) Bl 2 | —89.09 | 0.94 | —8.5% 
38| » 22| B. | 24 Piscium 64] 2 | —2.18 | 0.73 | —1.59 


® These occultations have been caleulat 
method, to which I referred in the footnote of 
perceived afterwards, in CHAUvENET, I p. 556, i 
&, n and & are not computed from hour t 
Greenwich time of which is found by means 

The differences between these results and 


those after my 


21.80 417.89 
KAT 


—63.3 


21.80 


€ G4 
54 14.43 
urY = 9.36 
11.14 9.83 
11.46 78.80 
—3.12 8.76 
3.85 14.7 
.02 10.51 
—3.85 7.4 
42.48 3.88 
41.53 | 2.08 
—2.09 4.06 
.03 33.09 
.83 0.19 
44.60 | 21.16 
—10.24 28.31 
—2.9 | 4.3 
+3.038 [3.67 
—1.19 1.35 
—1.13 0.66 
—0.69 0.24 
—2.63 | 6.85 
+.90 | 3.44 
+.92 | 1.8 
—4.05 Kir 
‚50 .09 
33:3 6.39 
—3.57 en 

.11 2 

Bu: 2.36 
—6.19 36.02 
40.72 | 0.38 
Pe 
m— 13.9 
m —= 3:72 


—2:90 |\VSI.S0 467 


method were: 


Tune 


Bro 
9 I 16 6"6 | 15970078 | _ 0865 
11 16.7.7 |12 585 | +0, 
14 16 41.1 | 13 16.8 | 0.48 
16 15 36.8 | 13 56.6 | — 0.80 
1 5 51 | 5803 |+on 


It appears that all the differences remain below one second of time. 


ed after Besser’s method. The modification of this 
P- 605 of my previous paper, may be found, as I 
n $ 344. It consists in this that the coordinates z, y,2 
o hour but only for the instant of the occultation, the 
of an assumed value of the longitude. 
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TABLER. 
Results for the longitude of St. Denis de la Reunion, from dis- 
appearances and reappearances separately. 


The 3 reappearances give 2@= 219 z@AL=-+ 3.97 hence A Ire= +1,81 
The total sum was 21.80 — 63.25 


Hence the disappearances alone 19,51 — 67.22 A Lois = — 3°.43 


Mean —0%81 
N°, | € | Ge 


Disappearances. 
1 + 5507 , 17.99 


9: 123,42 | 7:02 
3 |-411.67 | 100.78 
4 |+41.99 | 86.26 
5 |-2.59| 6.% 
6 |— 3.32 | 10.96 
7 |+6.55| 12.4 
9 |-3.32| 5.5 


0 |+3.0| 5.7 
1 14 2.06 | 3.77 
12 |-1.56| 2.36 
19 |-9.1| 8.46 
20 |-1.56| 2.48 


22 |+ 3.56 5.07 97 m— 358.07 


3 |-0.66| 0.2 en .. 
2% |—-0.0| 0.19  yel 

5 |-0.16| 0.0 nd) 

27 |- 2410| 4.37 

23 +2.413| 5.13 

29 I1+3.55| 2.26 

3 |-3.52| 7.19 a ” 

3ı |+1.08| 0.37 29 RG er 

32 |-268| 44 we . 

34 |- 3.04 | 9.19 n=r #5 

35 |+0.%| 0.0 j 

36 |—1.03 | 14.08 9a 01 =. 
37 |— 6.66 | 30.12 n 

38 |F1.5| 1-14] 79 = 57 v=r2.90 
Reappearances. m— 5.80 Er 

14 1.2] 1.8) "= 2.0 re 
16 -3.8| 4.4 m—=+ 1:70 in 
418 |— 0.11 0.01 (not used) 
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TABLE I. 


Results for AZ after the application of the correction for the 
radius, disappearances -and r&app&araneos Togethonsn PREa AUT A together. 


No.| AZ | Cor. | AZ G |@AL SE TR GR. 
corr | 
4 | -i°64 | -+0°85 | +2°49 | 0.70 | -M.7a | 4464 46.07 
a | 6.85 | +.13 | —5 72 0.60 | —3.43 | —3.75 7.6% 
3 | 48.22 | 40.77 | 49.01 | 0.74 | 46.67 |+11.16 92.17 
4 | 48.56 | +0.81 | 9.37 | 0.60 | 45.62 |-H1.52 19.63 
5 | 6.02 | 40.74 | -5.28 |0.90 | —4 75 | —3.13 8.82 
6 | 6.75 | +0.80 | —5.95 | 0.995] —5 92 | —3.80 44.37 
7 \+3.12 | +0 90 | +4.02 | 0.29 | 1.17 | 46.17 11.04 
9 | 6.75 | +3.75 |-—3.00 | 0.50 | —1.50 | —0.85 0.36 
10 | —0.42 | 40.74 | 40.32 | 0.63 | +0.%0 | +2.47 3.84 


44. | —1.37 |) +1.12 | —0.25 | 0.89 | —0.22 | +1.90 
12 | —4.99 | +0.78 | —4.21 | 0.97 | —4.08 | — 2.06 
44R| +3.13 | —1.24 | —+1.89 | 0.91 | 41.72 | +4.04 


3.4 
4.11 
14.85 
16R| —2.07 | —1.60 | —3.67 | 0.28 | —1.03 | —1.32 0.65 
48 R| 41.70 | —0.77 | +0.93 | 41.00 | -F0.93 | +3.08 9.49 
19 |-13.14 | +1.39 |-11.75 | 0.27 | —3.17 | —9.60 24.88 
20 | —4.99 | 40.75 | =4.24 | 1.00 | —4.% | 2.09 4.37 
22 | 40.13 | 40.97 | +1.10 | 0.40 | 40.44 | 43.25 4.22 
23 | —a.09 | +0.81 | —3.28 | 0.95 | -3.12 | —1.13 1.22 
24 | —4.03 | 40.88 | —3.15 | 0.515] —1.62 | —1.00 0.51 
25 | 3.59 | +0.90 | —2.69 | 0.49 | —1.32 | 0.54 0.14 
27 | —5.53 | +0.74 | —4.79 | 0.99 | —4.74 | —2.64 6.90 
28 | —1.00 | 40.84 | —0.16 | 0.87 | —0.1& | -H1.99 3.45 
29 | 40.02 | +H1.06 | +1.08 | 0.19 | +0.21 | 43.23 1.98 
30 | 6.95 | -+0.80 | —6.15 | 0.58 | —3.57 | —4.00 9.28 
31 | —2.40 | +0.92 |-—1.48 | 0.35 | —0.52 | -40.67 0.16 
32 | —6.11 | -40.79 | 5.32 | 0.62: | -3.30 | —3.17 6.23 
34 | —6.47 | +0.92 | 5.55 | 0,95 | —5.27 | —3.40 10.98 
35 | 2.79 | +H.06 | —1 73 | 0.98 | —1.69 | 40.22 0.18 
36 | —4.46 | 40.9951 —3.46 | 0.97. | —3.36 | —1.31 1.67 
37 | 9.09 | +H1.05 | 8.02 | 0.94 | —7.56 | —5.89 32.61 
38 | —2.18 | 40.77 | —1.41 | 0.73 | —1.03 | 40.74 0.40 
21.80 1418.70 30 m2 — 374.43 
a m2— 12.48 
46.88 m—=+t 3353 

c 2 
Ba FUEFE Eee 0.572, 0 =+0'76 


Utrecht, June 24, 1905. 
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Chemistry. — “On ‚some deriwatiwes of Phenylcarbamie acid.” 
By Dr. F. M. Jarcer. (Communicated by Prof. P. van Romsuren). 


The following contains a erystallographic description of some deriva- 
tives, chiefly nitroderivatives of phenylcarbamie acid C,H,. NH. COOH 
which have been kindly presented to mie by Prof. van RoMBurGH. 
The substances belonging to this series, which have been investigated are: 

Phenylcarbamic Methyl-ester. 
Methylphenylcarbamic Methyl-ester. 
1-4-Nitromethylphenylcarbamic Methyl-ester. 
1-2-4-Dinitromethylphenylcarbamic Methyl-ester. 
1-2-4-6- Trinitromethylphenylcarbamic Methyl-ester. (a-Modification). 
1-2-4-6- Trinitromethylphenylcarbamic Methyl-ester. (8-Modification). 

1-2-4- Dinitromethylphenylcarbamic Aethyl-ester. 
1-2-4-6- Trinitromethylphenylcarbamic Aethyl-ester. 

In addition, a description is given of 1-2-4-6-Methylphenylnitramme 
m.p. 127°C., which has been obtained from 1-2-4- Dinitromonomethyl- 
anıline m.p. 178°C: .by means of fuming nitrie acid, which aniline 
is the product of decomposition of the two Dinitromethylphenylcarbamie 
esters on heating with strong hydrochlorie acid '), and which has been 
already described by me in the Zeits. f. Kryst. Bd. 40 (1905). p. 119. 

1. Phenylcarbamic Methyl-ester. 

C,H,.NH.CO.O(CH,); m.p. 47° C. 

The compound crystallises best from 
alcohol and always in the form of color- 
| less, elongated, rectangular little plates, 
| which are very poor in combination 
forms. 

Rhombie bipyramidal. 

ob == 1,5952.:1, 

The relation db: c cannot be determined 
on account of the absence of planes 
{rom the zones of (100,001), and of 
(001,010). 

Forms observed: a= {100}, strongly 
predominating often vertically striped ; 
| p={110), very lustrous; m = {120}, 
| narrow or totally wanting and sometimes 
| as strongly developed as p; d== 010}, 
' indicated only a few times; c = {001}, 

Fig. 1. reflecıs well. 

1) van Romsuren. On the action of nitric acid on the esters methylphenylafnino- 

formic acid. Proc. 29 Dec. 1900, Vol. III. p. 451. 
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Measured: Calculated : 
a:p= (100) st 10) 57°55' — 


a:m— (100): (120)—= 38 31 38°341' 
a:c —(100):(001)= 90 4 0 
m.:p = (120):(110)= 19 34 19 24 
p:p = (110):110)= 64 10 64 10 
p:b =(110):(010)= 32 10 32 5 


Completely cleavable towards {001} and towards {100}. 

Orientated extincetion on all planes in the vertical zone. The optical 
axial plane is {001} with a as acute diagonal. The axial angle is 
small, the dispersion fair with e >v around the a-axis. 

The sp. gr. of the crystals is 1,251 at. 19°; the equivalent 
volume 120,7. 


2. Methyl-Phenylcarbamic Methyl-ester. 
C,H, . N(CH,).. CO .. O(CH,) ; m.p.: 44° C. 


The compound crystallises from 
alcohol in large colourless erystals, 
which are frequently in clusters, 
often exhibit rather opaque planes 
and possess a peculiar camphor- 
like odour. 

Rhombic-bipyramidal. 

a:b:c= 0,8406 :1 : 0,3320. 

Forms observed : 

‘5 = {010}, strongly predominating; 
m={110}, and qg= {011}, both 
well developed and yielding sharp 
nee reflexes; r = {201}, fairly lustrous. 
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“ pie Different erystal-individuals ex- 
hibit not inconsiderable differen- 
ces in the angular values. 


Fig. 2. 


Measured : Calculated : 
b:m = (010):(110) = * 49° 57’ _ 
d:q =(010):(011)=* 71 38 —— 
r:r = (201): (201)= 103 25 103° 23° 
r:m= (201):110)= 61 54 61 40'), 


(129 ) 


Very completely cieavable towards b. 

The optical axial plane {001} whilst 5 is the first diagonal. The 
axial angle is small, the dispersion strong and perhaps abnormal. 
It was not possible to properly characterise it with the means at 
my disposal. 

The sp. gr. of the crystals is 1,296, at 19°; the equivalent 
volume 127,31. 


Topical axes: 4:%:w = 5,1358 : 6,1099 : 4,0569. 


On account of the symbol {201} the relation d4:c = 1: 0,6640 has 
been taken. 


3. 1-4-Nitro-Methyl-Phenyl-Carbamic Methyl-ester. 
C,H, (NO,). N (CH,).CO.O(CH,); melting point: 108° C. 
(4) (ı) 


This compound cerystallises from alcohol or benzene in the form 
of small delicate needles, or large, pale-sherry coloured, somewhat 
fi flat erystals, which, however, 

are very poor in planes, and, 
therefore, do not allow of a com- 
plete parameter-determination. 


Monoeclino-prismatie. 
a:b = 0,6640 :1. 
= 70° 58°. 


Forms observed : 
c=={001} generally strongly pre- 
„|| dominating; m = {110} well 
7 developed ; 5 = {010}, narrow, 
Öften the planes of m and d are 
curved and the crystals exhibit 
Fig. 3. greater anomalies in the angular 


values. | 

The habitus is mostly broadly flattened towards c, sometimes c 
and m are equally large and the habitus consequently becomes 
rhombohedric. 

Very completely cleavable towards {001}. 

The optical axial plane is pröbably {010}; on c one optical axis 
is visible On the border of the field of vision. 

The sp. gr. of the erystrals is 1,522 at 14°; the equivalent-volume 
= 137,98. 
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4. 1-2-4-Dinitro-Methyl-Phenylcarbamic Methyl-ester. 
C,H,(NO,). (NO,).. N(CH,).CO.O\CH,); 
(4) (2) D) 


m.p.: 98° C. 

The best cerystals are obtained from 
xylene. They are of a pale yellow colour 
and have the appearance of small, thick 
parallelogram-shaped cerystals. 


Monoclino-prismatic. 
a:b:c= 0,7597 :1:1,0875. 
ß = 88° 43'/,. 


Forms observed: 5 = {010}, predomina- 
ting and very lustrous; r = {101}, broad 
and sharply reflecting; ®= {111}, also 
broad and very lustrous ; o = {111}, some- 
what smaller than r but giving a good 
refleetion; qg= {011}, small and approxi- 
mately measurable. The erystals are broadly 
flattened towards d. 


Measured: Caleulated: 
o:r — (111): 101) =* 32° 44 - 
o:0— (111): (1T1) —* 64 22} En 
0:»— (111): (111) —* 86 37} Au 
b:»—=(010):(111)—= 57 51 57°49' 
5:0 =(010):(i11)= 57 0 57 16 
o:gqg =(111):(011)= 42 35 (about) 42 54 
0:0 =(111): 11) — 58 26 58 12 
o:r = (111):(101)= 74 12 74 24 


Cleavable towards {111}. 

On 010}, the angle of extinction with regard to the side d:w 
is 22°; an axial image could not be observed. 

The sp. gr. of the erystals is 1,506, at 14°; the equivalent volume 
== 169,39, 

Topical axes: x: p:w == 4,4794 : 5,8963 : 6,4123. 


t 181) 
5. 1-2-4-6-Trinitro-Methyl-Phenylcarbamic Methyl-ester. 
C,H,(NO,).. (NO,).. (NO,).. N(CH,) . CO\. HOCH: Tee, 18°C, 
(6) (4) (2) (1) 


This compound occurs in two modifications. 
a-Modification. 


Fig. 5. 


Fig. 6. 
This a-modification is the one usually deposited from the ordinary 
solvents, alcohol, acetone, benzene etc. The erystals described here 


have been obtained from acetone. They are colourless or of a pale 
sherry colour and very lustrous. 


Monoeclino-prismatic. 


a:b:c=— 0,5758 ,;,1 0,8382. 
ß= 175°41.. 

Forms observed: m = {110}, broad and very lustrous ; ce — {001}, 
ideal reflection; qg= {011}, large, and very lustrous; ® = {121}, 
generally broader than g, sometimes also narrower or even completely 
wanting ; a = {100}, lustrous but narrow ; r = {101} is often wanting 
but reflects well; o= {121} very narrow and dull, 


Measured: Caleulated: 
a:c = (100): (001) = * 75°41’ 
a:m = (100): (110) =* 29 9), 
c:q = (001): (011)=* 39 5 
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Measured: Caleulated: 


m:c —=(110):(001)— 77 32°), 77°32’ 
m:qg —=(110):(011)= 6147 61 39 
m:o= (110): (121) = 26 30 26 27 
a:»—(100):421)— 4755"), 48 0 
o:c =(121):(001)= 5743 57 42 
o:q —=(121):(011)—= 35 16 35 12 
m:q — (110):(011)= 8140 81 59 
m:o —=—(10): 141) —= 3439), 34 37°), 
o:q —=A21):(011)= 4619), 46 22 
c:r — (001):401)—= 65 38°), 65 36 
a:r — (100): 401) 38 51'J, 38 43 
m:r —(110):101)= 47 2 47 3 
r:g = (A01):(011)—= 7059), 7117°% 


No distinet plane of cleavability was found; perhaps there is cne 
present parallel to m. 

The symmetrie extinetion on {110} with regard to the side 
110): (110), ete. amounts to about 18°; on a and ce it is normally 
orientated. The average refraction is a trifle greater than that of 
«a-monobromo-naphtalene. 

The sp. gr. gravity of the erystals is 1,612, at 19° ; the equivalent 
volume is 186,10. 

Topical axes: x:$#:w: = 4,2360 : 7,3555 : 6,1655. 

50. Trinitro-Methyl-Phenylcarbamic Methylester. 

B-Modification. When long kept, the cerys- 
tals of the «a-modification turn a little 
darker, somewhat more orange-yellow. The 
symmetry and all the angles of the «-modi- 
fication are, however, preserved. 

Sometimes, the alcohol deposits long 
needles together with cerystals of the «- 
modification. These needles have an orange 
colour; at about 105° they again turn 
yellow and then melt just a little below 
118°. Although it is not as yet quite clear 
in what relation these needles stand to the 
erystals, it is nevertheless certain, that they 
represent a second less stable modification 
of the compound. The meltingpoint of the 
“ erystals of the «modification obtained from 
various solvents, or after heating in diffe- 
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rent ways, fluctuates between 114° and 118°. A further investigation 
will be necessary to see what really takes place here. 

Rhombic-bipyramidal. 

a:b = 0,659 :1. 

The relation d:c cannot be determined, for want of the necessary 
terminal planes. 

Forms observed : m = {110}, broad and lustrous; c = {001}, very 
sharply refleeting; a= {100}, narrow, well reflecting; p = {310}, 
very narrow and yielding bad reflexes. 

Measured: Caleulated: 
a: m = (100) : (110) = * 33° 244’ 
m:m= (110):(110)— 113 114 113°11’ 
RE = (110) (00H =’ -01 900 
m:p =(110):(8310)= 20 17 (about) 21 0 
p:a =(310):(100)—= 13 2 (about) 12 24 

Perfectly eleavable towards {001}. 

The optical axial plane is {001}; the first diagonal is the a-axis, 
The apparent axial angle is in «-monobromonaphtalene about 86°; 
extraordinary strong dispersion with e >v, round the first bissectrix. 
Orientated extinetion everywhere in the vertical zone. 

The sp. gr. of the needles is 1,601, at 19°; the equivalent 
volume — 187,32. 

6. 1-2-4-Dinitro-Methyl-Phenylcarbamico Ethyl-ester. 

C, I, (NO,)4) . (NO,)e) . Na (CH,) .C0.0 (C,H,) ; m.p. 112°C. 
®, This compound crystallises 
| from & mixture of benzene and 
ligroine in the form of large, 
corlourless, very lustrous erystals 
represented in fig 8. 
Monoclino-prismatic. 
a:b:c=0,6525 :1: 0,7035. 
B=69°5%.. 

Forms observed: c = {001}, 
‚ predominating and very lustrous; 
b= {010}, about as broad as c 
and sharply reflecting ;n— {110}, 
well reflecting and properly 
developed, sometimes with deli- 
cate striping parallel to m:c; 
q = {011}, narrower but readily 
measurable ; r — 101}, very dis- 
tinctly developed and yielding 
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sharp reflexes; p = {120}, very narrow and duli; often absent 
altogether. 


Measured: Caleulated: 
m:m— (100, 110)=*63° 1%’ -- 
m ze —=1110),(001)=*73. 2 es 
g:c. = (011)::(001) = *33 28 — 


g:b — (011):(010)— 56 32 56°32’ 
m:b = (110): (010)= 58 26} 58 29 
m:p = (110):(120)— 19 12 19 17 
p:b —(120):(010)— 39 23} 39 12 
r:c = (101):(001)= 58 10 58 5 
»:m— (101):(110)—= 58 12 58 18 


m:g = (110): (011) — 57 58} (circa) 58 41 


g:r =(011):A0l)= 63 41} (circa) 63 22 
c:5 = 1001):(010)— 89 58 9” 0 


Very perfectly cleavable towards {001}; like “glimmer” the erys- 
tals may be reduced to very delicate lamellae. 

On $001} orientated extinction; on {110} the inclination of the one 
elasticity-axis towards the vertical axis amounts to 19°; on $010!: 
27° with regard to the side b:c, in the acute angle $. The axial 
plane is, probably, situated perpendieularly to {010}. By means of 
a-monobromonaphthalene etched figures were obtained on m, c and 
d, which are in accordance with the indieated symmetry. 

The sp. gr. of the erystals is 1,461 at 19°C.; the equivalent 
volume = 184,12. 


Topieal axes: X:%:w= 4,9130 : 7,5296 : 5,2970. 


7. 1-2-4-6-Trinitromethylphenylcarbamic Ethyl-ester. 


C,H, (NO,). (NO,).. (NO,). N(CH,) .CO .0 (C,H,); m.p. 65° C, 
(6) (4) 2) W 
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The erystals which have been meas- 
ured- are derived from a mixture of 
benzene .and ligroine. 

Delicate, very transparent, flat, pale 
sherry-coloured needles which possess 
a strong lustre. 


Monoelino-prismatic. 
a.:b:0=0,9759 :1: 0,3929 
B= 67T. 


Forms observed: 5 = {010}, yielding 
ideal reflexes and well developed: 
o = {121}, a= {100}, and c = {001}, 
very narrow and dull; m = {110}, 
broad and very lustrous; q = 011}, 
well developed and yielding sharp 
reflexes; an orthodome $hok} is indi- 
cated but not measurable. The needles 
are elongated towards the c-axis and 
somewhat flattened towards {010}. 


Measured:  Calculated: 
m. m — (110) : (110) = *83° 55' ._ 
m:q = (110):(011)=*60 2 x 
qg:q = (011): (011)= *39 48 En 
m:db = (110):(010)= 48 3 48° 1} 
b:q = (010):(1))= 70 6 706 
m:q = (110): (01)=119 58 119 58 
n:o = (110): 121)= 64 46 65 2 
o:qg = (121): (011) = 27 32 27390 
gq:m= (011):(110)—= 87 42 oy7: 
m:a=(110):(100)= 41 57 4 57 


A distinet cleavability was not observed. 

The angle of extinetion on dis 9° with regard to the vertical 
axis, in the acute angle a:c; on m, it is about 64°. 

In oil of eloves, solution figures were obtained as represented in 
fig. 8; they are in accordance with the found symmetry. 

The sp. gr. of the cerystals is =1,471 at 14°; the equivalent 
volume — 194,42. 

Topical axes: „= Ww:w= 1,9976 : 8,1950 : 3,2198. 


( 136 ) 
8. 1-2-4-6-Trinitrophenylmethylnitramine. 


C,H. (N0,).(N0,).(NO,).N (NO,) (CH,); m. p.: 127° C. 
(le, KL 


The compound is obtained from benzene + acetone in the shape 
of small, very strongly refracting, pale sherry-coloured needles, which 
possess a strong lustre and are, geomefrically, very well built. 


Fig. 10. 


Monoclino prismatic. 
a:b:c— 2,7823 :1: 3,5242. 
Bra alle 
Forms observed: c = {001}, most strongly developed of all; 


a= 1100) Fand — 101}, both strongly reflecting;; q= {011} some- 
what more opaque. 


Measured : Calculated : 


a:c = (100) : (001) = * 75°314 —_ 
a:r = (100): (101) = * 43 364 e 
c:g= (001): ON SHE _ 
c:r = (001): 101)— 60 53 60° 53 
g:q=(011):(0T)—= 32 32 32 40 
a:9=(100):(011)—= 85 54 85 58} 


A distinet eleavability was not found. 

Optical axial plane is {010}; on {001} one axis is placed nearly 
perpendieular. The double refraction is moderate and negative ; 
extraordinarily great dispersion with eg >v. 


The sp. gr. of the little erystals is: 1,570, at 19°; the equivalent 
volume = 182,16. 


Topical axes: y:p:w == 7,4485 : 2,6772 : 9,4347, 
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Chemistry. — “On the presence of lupeol in some kinds of gutta- 
percha.” By Prof. P. van Rompuren. 


An investigation of the so-called resinous constituents of various 
authentice kinds of gutta-percha, made first in conjunction with 
Dr. Sack and afterwards with Dr. v.». Linpen, has shown that some of 
them contain various einnamie esters of alcohols which seem reläted 
to cholesterol. One of these cinnamic esters, which appeared identical 
with TscHirc#’s') erystal-albane, and occurs as a beautifully erystallised 
compound m.p. 241° (corr.) I have submitted to a eloser investigation, 
with Dr. v. p. Linpen. On saponification, an alcohol was obtained 
melting at 210°, which on being treated with benzoyl chloride and 
pyridine yielded a benzoate melting at 264° (corr.). The melting 
points of these two last substances agree exactly with those of lupeol 
and its benzoate. 

Lupeol has been discovered by E. SchuLze?) in the skins of lupines. 
At my request Prof. Schusze was kind enough to present me with 
a quantity of lupeol and its benzoate for the purpose of compa- 
rison, for which I wish here to express my best thanks. The alcohol 
being mixed with the lupeol, the melting point was not lowered; 
neither was this the case with the benzoates. 

In addition to its occurrence as a cinnamie ester, lupeol also 
seems to occur as an acetate in a substance related to gutta-percha, 
called “djelutung”’, the product of the milky juice from some species 
of Dyera, which is known in European commerce under the 
name of “bresk” or Pontianak; this has been shown to be probable by 
Mr. Conen, who is making a study of this article in my laboratory. 
In a consignment of “bresk” for which I have to thank Messrs. 
Weısz & Co., of Rotterdam, the amount of lupeol appeared to be 
rather considerable, thus enabling Mr. Conzn to make a study of this 
otherwise somewhat inaccessible product. On oxidation with chromie 
acid & beautifully erystallised ketone (m.p. 169°) has already been 
obtained, which also yields with hydroxylamine a erystalline substance. 

Mr. Couen, who intends to further investigate these substances, 
has also found in the “djelutung”” the substance melting at 235°, 
which I had found previously in the gutta-percha from Payena 
Leerü, and which has been characterised as the acetie ester of an 
alcohol melting at 195°. 


1) Arch. d. Pharm. 241, 653. 
2) Zeitschr. f. physiol. Chemie 15, 415; 41, 474. 
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Chemistry. — “On the action of ammonia and amines on allyl 
‚formate”. By Prof. P. van RoMBUureH. 


The great ease with which allyl formate is saponified by alkalis 
induced me to try whether ammonia, which, as is well-known, acts 
upon esters of fatty acids but slowly at the ordinary temperature, 
would not react equally readily on this ester. The result surpassed 
my expectation. 

If gaseous ammonia is passed into allyl formate still containing 
a little allyl alcohol, it is rapidly absorbed whilst the liquid gradually 
becomes so hot, that it is necessary to connect the flask with a 
reflux apparatus in order to prevent loss of ester. If the contents 
are heated to 120°, when the increase in weight slightly exceeds 
1 mol. of ammonia to one mol, of ester, the excess of ammonia 
passes off with the allyl alcohol and if now the residue is distilled 
in vacuo, & fine yield of formamide is obtained (b.p.ıo 113°), which, 
after a single freezing, melts at 2°.4'). 

If, however, dry ammonia is passed into pure allyl formate, 
hardly any action is noticed in the first hour. The ammonia is but 
slowly dissolved so that the concentration is only very small, but 
gradually as the reaction proceeds the gas is more eagerly absorbed 
and the temperature rises increasingly. 

If, therefore, we wish to prepare in a short time large quantities 
of formamide by means of this method it is advisable to add to 
the allyl formate a few percents of allyl aleohol, although this may cause 
a slight diminution in. the limit value °’), as happens, generally, in the 
formation of amides from esters. 


I showed many years ago that allyl formate may be readily 
prepared by heating the diformine ’) of glycerol, obtained from glycerol 
and oxalie acid. As we can now obtain commercial formie acid of 
great concentration (99—100,°/,) at a very low price, large quan- 


1) Franchmont (Rec. XVI, 137) found the melting point at 3°, other observers 
state a lower figure. 

Pure formamide may be distilled by rapid heating without perceptible decompo- 
sition (b.p. 219°); at least with such a preparation I did not succeed in demon- 
strating the formation of ammonia and carbon monoxide, which are readily obtained 
from an impure product. 

2) Bonz, Zeitschr. phys. Chem. II, 865. 

3) I think it is not superfluous to point out that the theory recently defended 
by Ner (Ann. 335, 230) that the formation of allyl alcohol from glycerol and 
oxalie acid must be explained by a dissociation of diformine into formic acid and 
propargyl alcohol is 'based on an error, The main product of diformine on heating 
is allyl formate. 
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tities of allyl formate may be, prepared in a still more conyenient 
manner by heating equal parts by weight of glycerol and formie 
acid. The temperature is kept for some time at 125°, during which 
dilute formie acid distills over“ Gradually it is raised to 240° and, 
with a quiet evolution of CO, containing a little CO, a mixture 
passes over consisting of allyl formate, allyl alcohol and a very 
little formie acid. This is again submitted to distillation, the portion 
boiling up to 100° being collected. After treatment with dry potas- 
sium carbonate, the liquid is again distilled and the portion boiling 
below 85°, which mainly consists of allyl formate, is collected 
separately. 

This ester may also be procured by distilling allyl alcohol with 
twice its weight of formic acid and collecting the portion passing 
over below 85°. The product is then treated with dry potassium 
carbonate and once more rectified. 


After it had been ascertained that ammonia acts so very readily 
with allyl formate it was decided to try the action of amines also. 

The investigation showed that amines of the fatty series, primary 
as well as secondary ones, readily react with the same. Benzylamine, 
phenylhydrazine and. piperidine also seemed to react but no reaction 
could be observed with aniline. 

If we mix one of these amines with allyl formate, in the majority of 
cases a rise in temperature does not necessarily take place immediately. 

This rise rather varies in the different cases; whilst its maximum 
is sometimes reached fairly quickly, sometimes only after a lapse of 
about 20 minutes. 

The reaction appears to be of such a nature that when working 
at a constant temperature we can ascertain its progress by means 
of a quantitative determination of the absorbed amine. 

I intend making a series of experiments with different amines. The 
following contains a brief description of some qualitative experiments. 


If methyl- or etlıylamine is passed into allyl formate these sub- 
stanees are absorbed with great evolution of heat and the amides 
formed are left behind after distilling off the allyl alcohol. 

5 grams of propylamine being mixed with 10 grams of allyl for- 
mate the temperature rapidly rose from 19° to 60° and propylform- 
amide (b.p. 219°—220°) was formed. 

5 grams of isopropylamine being mixed with 10 grams of the 
' ester the temperature slowly rose to 50°, whilst a good. yield of 
isopropylformamide was obtained (b.p. 203°—204°), 


10 
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5 grams of isobutylamine being mixed with 7 grams of allyl for- 
mate the temperature rose to 75°. The — not as yet described — 
isobutylformamide boiled at 229°. 

5 grams of allylamine being mixed with 10 grams of the ester the 
temperature rose to 65° and the allyl alcohol being removed by 
distillation, allylformamide was obtained (b.p. 220°.5). 

With benzylamine (5 grams) and allyl formate (5 grams) the 
temperature rose from 19° to 55°. The alcohol being distilled off 
and allowed to cool to the ordinary temperature, there remained 
in the flask a solid mass, m. p. 62°. The melting point was not 
altered after recrystallisation the compound from petroleum ether, 
which is very suitable for this purpose. 

Benzylformamide was first obtained by HoLızman'), who described 
it as a substance melting at 49°. This statement is. probably due toa 
elerical error, at least, a specimen prepared by Prof. HorLEMAN and 
kindly presented to me by Dr. VERrMEULEN of the Groningen Labora- 
tory did not begin to soften until 59°. Boiling petroleum ether 
extracted a substance melting at 62°, which on being mixed with 
my own product did not alter its melting point. 

Phenylhydrazine gives no rise of temperature with allyl formate, 
but on being kept for a day, an abundant quantity of formylphenyl- 
hydrazine forms, m. p. 145°. 

With secondary aliphatic amines there is less heat evolved in 
the action on allyl formate. 

Dimethylamine readily forms dimethylformamide. The action of 
7 grams diethylamine-on 10 grams of allyl formate causes (in about 
20 minutes) a slow rise to 33°. Diaethylformamide was readily obtai- 
nable in a pure condition. Dipropylamine (5 grams) mixed in a 
WeEINHOoLD flask with 5 grams of the ester caused a slow rise to 
35°,5. The dipropylformamide obtained boiled at 211° (corr.). 

Judging from a preliminary experiment, diisopropylamine seems to 
react less readily; 3 grams of both compounds being mixed, only a 
slight elevation of temperature was noticed. This reaction deserves 
in particular a closer study. 

With diisobutylamine the evolution of heat is also trifling; only 
3° rise 10 grams of each substance being mixed. Allthe same, a good 
yield of diisobutylformamide was obtained, which boils.at 227°—238° 
(corr.) and which, to my knowledge, has not yet been described. 

Methylbenzylformamide (5 grams) with aliyl formate (5 grams) 
gives a rise to 55°. The product formed has not yet been solidified. 


1) Rec. 13. 415. 
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Piperidine (10 grams) with allyl formate (14 grams) gives a rise 
from 10° to 83°, and a very good yield of the formyl derivative, 
b.p. 220°. 

The boiling points of the substituted formamides exhibit peculiar 
regularities to which I hope to refer later on. 

The dialkylformamides and formylpiperidine have acquired some 
importance owing to the interesting researches of Bouvsaunt !), who 
used them as a starting point in the preparation of aldehydes ; the 
above described simple methods of preparation may perhaps prove 
to be of service. 


Chemistry. — “On the action of hydrocyanic acid on ketones’. 
By A. J. Uster. (Communicated by Prof. P. van Romsurcn). 


Although it is stated in every textbook on organic chemistry that 
ketones may combine with hydrocyanie acid, the conditions under 
which this addition takes place have up to the present not been | 
studied, and only those few cyanohydrins which are solid and may 
consequently be readily purified by recrystallisation have been isolated 
in a pure condition’). 

Three methods of formation of these substances are known: 

1st. Action of dilute or anhydrous hydrocyanic acid on ketones, 
either by heating the mixture for some hours in scaled tubes at 100° 
or by simply leaving the two components in contact with each other 
at the ordinary temperature for several months. 

2nd, Action of nascent hydrogen cyanide on ketones, for instance 
by very slowly dropping fuming hydrochlorie acid on potassium 
cyanide covered with acetone. 

3'd, By double decomposition of the so-called bisulphite compounds 
of the ketones with a solution of potassium cyanide. 

A closer study of the nitriles of the oxy-acids was made in conse- 
quence of an observation made by Prof. van RomgurcH ’) as to the 
action of solid potassium carbonate on a mixture of dry acetone and 
hydrocyanic acid; a small quantity of this salt caused the mass to 
boil and the temperature to rise to 70°. 

The same phenomenon is caused by potassium hydroxide, potassium 
cyanide, ammonia, amines, in fact by all substances whose aqueous 


1) Bull. Soc. chim. [3] 31, 1322. 
2) Acetonecyanohydrin, obtained from Kalılbaum, seemed to contain much free 
hydrocyanic acid. 
5) Meeting 27 June 1896, 
10* 
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solutions possess hydroxyl ions; the presence of water greatly favours 
this catalysis. 

If an attempt is made to isolate the evidently formed eyanohydrin 
by distillation under reduced pressure it is again resolved for the 
greater part into its components. If, however, the action of the 
potassium carbonate is stopped by means of a few drops of sulphurie 
acid, the mixture on being fractionated in vacuo first yields a 
distillate eonsisting of hydrocyanie acid and acetone and then the 
nitrile; by a second distillation this may be obtained in such astate 
of purity that silver nitrate with nitrie acid no longer gives a 
precipitate of silver eyanide. 

Traces of a base are, however, sufficient to again partially resolve 
the pure nitrile into its components, which in this case is, of course, 
accompanied by a fall in temperature. 

Theory demands that the same equilibrium should be reached 
whether we start from one mol. of acetone plus one mol. of hydrogen 
cyanide or from pure cyanohydrin. In order to check this it is not 
necessary to determine the equilibrium both ways by analysis; the 
easiest plan is to measure some physical constant; for this I chose 
the refraction. 

Found, starting from a mixture of acetone (1 mol.), hydrogen 
cyanide (1 mol.) and a trace of potassium hydroxide np"? = 1,39721. 

Found, starting from the pure nitrile and a trace of potassium 
hydroxide np‘? = 1,39818. 

It having been thus ascertained that it makes no difference from 
what system we start, it became important to express the equilibrium 
in figures. 

For praetical reasons I always started from the nitriles ; about 
one gram of the compound and 0,2 milligr. of potassium hydroxide 
(in a 10°/, solution) were introduced into a tube, which was then 
sealed and immersed in a beaker containing a solution of silver 
nitrate acidified with nitrie acid, and the whole was then suspended 
in a thermostat for some hours. 

If now the tube is broken the nitrie acid at once neutralises the 
potassium hydroxide and the free hydrocyanie acid will be precipi- 
tated as silver cyanide. The liquid is decanted, the preeipitate is 
dissolved in potassium cyanide and the silver deposited electrolytically 
in tbe usual manner. In this way it was found that one mol. of 
acetone and one mol. of hydrogen cyanide combine at 0° to the 
extent of 94,15°/,, at 25° to the extent of 88,60°/.. 

For ethylmethylketone these values are, respectively 95,57°/, and 
90,36°/,; for diethylketone 95,90°/, and 91,29°/,. 
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It is my intention to also determine this equilibrium in the case 
of other aliphatic and aromatic ketones and also aldehydes. 

The investigation of Urkcn’s diacetocyanohydrin and the products 
of the action of gaseous hydrochlorie acid on oxynitriles quoted by 
Pinner ') but as far as I know not further studied, has already been 
taken in hand. 


In the light of the above results I have examined the different 
modes of preparation of the oxynitriles more closely. 

Method 1. Dry hydrocyanice acid mixed with dry acetone and 
kept for six months in a well-elosed steamed flask is still completely 
unchanged. On mixing, a slight rise in. temperature took place. 
That, however, no trace of the addition product has been formed 
may be proved by first determining the total percentage of hydroceyanie 
acid by means of the well-known titration with silver nitrate and 
then by ascertaining the amount of free hydrocyanic acid in the 
same way as was done in the determination of the equilibria. We 
will then find the same figures. After six months the mixture still 
showed the same refraction, which also proves that no change had 
yet taken place. 

The reason why previous investigators obtained eyanohydırin all 
the same may be safeiy attributed to the fact that there were still 
present traces of moisture and that minute traces of alkalis from the 
glass vessel considerably accelerate the reaction. 

It is now also obvious why the methods 2 and 3 should lead to 
a good result as the alkaline potassium eyanide is always present in 
excess. It need hardly be said that the formation of nascent hydrogen 
cyanide previously looked upon as the most important factor in 
method 2 has nothing to do with the real reaction. 

Although former investigators”) have not succeeded in preparing pure 
eyanohydrin by the second method, nothing is easier than the isolation 
of the pure nitrile by distillation under reduced pressure, if only care 
be taken to have a slight exeess of hydrochlorie acid present after 
the reaction has taken place, 


The following are the chief ‚properties of the nitriles, as yet 
investigated. 

Dimethylketonecyanohydrin is a perfeetly colourless liquid practically 
odourless. Sp. gr. at 18° 0,9342. Decomposes on distillation at the 


ı) B. B. 17, 2009. 
%) Urech, Ann. 164, 255. 
'TiEMANN u. FriepLÄnner, B. B. 14, 1970. 
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ordinary pressure, b.p. at 23 mm. 82°, m.p. — 19,5°, 0 — 1,40526. 


Eihylmethylketonecyanohydrin, eolourless liquid with a faint ketone- 
like odour. Sp. gr. at 18,5° 0,9324. Boiling point at 20,5 m.m. 91°. 
Does not solidify in a paste of solid carbon dioxide and acetone. 
n\25 — 1,41775. 


Diethylketonecyanohydrin, eolourless, a somewhat stronger odour than 
the former nitrile. Sp. gr. at 18,5° 0,9300. Boiling point at 18.5 m.m. 
97.5°, does not solidify in a paste of carbon dioxide and acetone. 
n!8 — 1,42585. 


University Org. Chem. Laboratory, Utrecht. 


Chemistry. — “The molecular rise of the lower critical temperature 
of a binary mixture of normal components.” By J. J. van LAAR. 
(Communicated by Prof. H. A. LoRENTZ). 


1. In the “Chemisch Weekhlad” of April 8" 1905 (II, N°. 14) 
I derived an expression for the so-called molecular rise of the lower 
critical temperature, viz: 
1 /aT, 
—I— ]=2y@y — (1 a 
n a) Ver —(1+%) 
in which 6 represents the ratio of the two critical temperatures 


n and % the ratio 2 
In this I started from the approximate assumption, that the eritieal 
temperature of a binary mixture may be represented by the simple 
expression 
Rd, = 2 
bz 
The formula found is at any rate more acceurate than that of 
van ’T Horr, according to which the molecular rise would be constant 
(Chem. ‚Weekbl. of Nov. 21st 1903 (I, N°. 8)), and I adduced a few 
examples to show that the expression found by me represents the 
experimental results of CENTNERSZwER') very accurately — provided 
the molecular weight of the solvent SO, is doubled. 
Büchner in his thesis for the doctorate ?) came to pretty much the 
same result with regard to CO, as solvent. He, too, had to double 
the molecular weight of CO, in order to get sufficient concordance 


)) 2. f. Ph. Ch. 46, 427—501 (1903). 
%) June 1905, p. 125—130. 
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with my formula for the substances examined by him (except for 
naphtaline and chloro-nitrobenzo)). 

Now Büchner thinks the assumption of a (CO,), bimolecular at 
the critical temperature very doubtful, and Kuknen too recently called 
my attention to the fact that according to his measurements ?) of the 
vapour pressures of liquid CO, at different teınperatures, the vapour 
pressure factor f presents a perfectly normal course, in opposition 
to what the measurements of Reenaust at 0° and 10° C., and those 
of CAILLETET at —50° to —80° give for it?). 

Nor has the assumption of a bimolecular (SO,), really any foundation. 

Now, just recently °) I have examined the accurate course of the 
plaitpoint curves for binary mixtures of normal substances, so that 
it is now possible to derive a more accurate expression than the 
above, in which the critical (plaitpoint) temperatures of the mixture 
were identified by approximation with the temperatures of {he coin- 
ceidence of the inflection points of the successive w-curves. That this 
was, of course, not true, was sufficiently known, and that the difference 
can be considerable has been more than once emphatically stated by 
VAN DER Wars. One look at the plate adjoined to my paper mentioned 
above shows at once how perfectly different the course of the plait- 
point line — also at the beginning, at 7, — can be. 

It will appear from the following derivation that the values found 
from the above approximated formula should be more than doubled 
in many cases. 

Krrsom has already derived ‘) a general expression for the molecular 


z £ 
rise 2) but as he used the law of the corresponding states, 
1 © /0 


and as in his final expression, viz. 


ON)? 
1 (at, re) 
7 (=),= “ei C 0’ . 
* dwOdr 
ther6 öcctr all kinds of quantities, which have either to be determined 
experimentally, or have to be calculated from the equation of state, 
I preferred to derive the required expression directly from the relation 
found by me for the course of the plaitpoint line for mixtures o 
normal substances. 


ı) Phil. Mag. 61, Vol. 2. 

2) See my paper in the Arch. Teyler (2) 9, 3° Partie, p. 54. 
s) These Proc. of June 1905, p. 33 et. seq. 

4) These Proc.; Comm, Leiden N°, 75, p. 6. 
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2. This relation was the following: ') 


z(1— x) 0° |a-2= v—3# (1—#) | +yaw—b)’ EG —2)O(O—BV a)+ 


+ae-e-)|=0. var ee 


In this 9=avw— BY a=(b,Va,—b,V a,)+ew—b); a=y a, Va, 
and B=b, —b.. 
In the derivation it was only assumed that a,,=Va,a, might be 


(d —2) va, TC aya, 


put, so that the quantity a may be represented by 


This is the only simplifying assumption. 

We now proceed to make the above given expression homogeneous 
in the way of p. 35 et. seq. of my last paper. (These Proc. June 1905). 
By considering only the case 5, =D, more closely (which was 
sufficient for our purpose), we simplified this expression eonsiderably 
in the paper mentioned, but now we shall put the quantity ® not 
—(, so that a new variable quantity must be introduced. 

Let us put as before: 


Va b, 
—p3; -_o 
[94 ® 
But now also: 
Dreh 
Ze AR 


then we get: 


Vlgta ; "=ol+m). 


Hence after division by @(1—.a)a’v‘ (1) passes suceessively into: 


nen; 
+26) G-29)- +2 al JE . a m 


z2(l— a) 
( — noa(p-+ ) [« — 22) — 3a (l — a | e— 


+6+9(1-0a47)) [3(1-"e@w+2))(1- 2no +9)+ 


(p-+a) ( BERNIE ")) ( ae re) 

-+ | = 0 “ 
«(1 — x) 

Ye. p. 33, formula (2). Cf. for the derivation: These Proc. of April 1905. 
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For small values of x this becomes: 
| vt-oy1-Bo(i+ne)) 
Unog)'+ 401-0) BU = 


As viz. & approaches then to ?/, 1—w(1-Hna) is replaced by 
1— o, but 1— 30 (1-+nx) has been retained. Further introduetion 
of w=')/, yields: 


2], of! —3o(l +2) 
1—'/,29)’+/,9 3a", Sa Dr ei 


from which follows: 


ug (i 80(1+ ne) e 


(1— '/,np)' A , 
= Se u re, 
or, after division by — ?/, $?: 
30 —1 1—!/,np)’ 
= NE. Dee ng); 


"/ar 9° ”/s 9° 
If we now put ='!/,(1 +0), we get: 


1 3 
ee np) np)—n, - (ie) 
as we may put 3won=n. Thus we have separated in the first 
member the only term in which numerator and denominator approach 
to 0, whereas in the second member all infinitely small terms have 
been neglected by the side of those of finite value. 
Formula (1a) indicates, in what way the volume v varies in the 
neighbourhood of 2@=0 with x, when we viz. vary the temperature 
in such a way that we remain in a plaitpoint. 


3. Let us now introduce the temperature. 
For this the relation holds: ') 


rr=3[ea-00+00- | RER) 


Here # is again = av — ßya. Reduction gives successively: 
Rr= | et (1 2) 2 =(1- -) |. 
© 
and 


Rr=o|en .) (i up +) +64 a)’ (i -o(l +)) | 


ı) l.c. p. 33. 
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1 ; 
as =, while P and 2 are replaced by their values (see $ 2). 
® ® a 


Sa, 8 a’y? 
5 27b, 27 b, 


le 


’ 


hence: 
zn, -E (1 — DIE — n0(p+ ots (1-00 +32) | 


If we now put T=T,(l+r), w='/,(1 + d), this becomes for 
small values of «: 


14 = eng + (1+22)a-er (1-27) | 


in the second member of which only terms of finite value and those 
of the order x remain. We draw attention to the fact that according 
to (1a) d is of the order x. Further substitution of w='/, (14-0) 
yields: 


a, E ahnt + (1 +2! \a-nu-m|, 


ss 1-0=°/, 1, 4=°/,(1-'/), so (l—o)'="/,(1—0) 
The last on becomes now: 


14 +n|e” ne "+ +25 0-38) |, 


or if we neglect terms of higher order than the first: 
(1—'/,np)’ © 
Ip p A" 


And now it proves, that the terms with .d vanish, so that we 


144 
y’ 


e d 
do not want the value of = from (1a) for the caleulation of the limiting 


st | 
value of the relation = For the sake of completeness we have, 


however, calculated this value, as it may be of importance for some 
problems to know in what way » varies with «in the neighbourhood 
of the lower eritical temperature (remaining on the plaitpoint curve). 


i) This is, of course, in connection with the fact that at the critical temperature 
of the first component the spinodal line Zouches the line &=0, and — as the 
spinodal curve is vertical at that place (i.e. // to the v-axis) for very small values 
of x — a change of v will therefore only bring about a change of temperature 
(and so also of the plaitpoint temperature) infinitely smaller than the change of 
temperature, brought about by a change of x. 
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So we find finally: 


T —/,np)? 
TE er er n I . . * » » » 9a 
2 =, Va ie (#0) 


which is the required expression, by means of which the limiting 
T 

value of — at 2=0 may be calculated for every given value of 
L 


Yandn. 


4. Now it remains only to express the relations found in the 
ordinary variables. 

These are viz. (see $ 1): 

2 . er 
SER 

Now the quantity % introduced by us in $ 2 and 3 is represented 

by: 
9 ZW va, et K SBLRIEIE ee Lv 

a Ve, EUR ARTEN vöy—1' 


while n is given by: 


E* ß 5 N ß eh b,—b, a: 
n.= = :0 zZ > = b, = (0) 1% 
Formula (2a) passes therefore into: 
ee 
T 
re FREE ANTVG, eg 
ea PK 


or 
=’, |vos-) -— | +2v@%p— (+ Y), 
T—T, 
or finally, s = re 
T—-T, 
T,& 


=, (Z) = 04047. vd -n|- © 


The original expression, derived on the assumption that /RT, 
may be approximately represented by = must therefore (see $ 1) be 
completed by a term: ; 

vorn 0). 


This is the correetion which must be applied, and it is easy to 
see, that it can considerably modify the original approximated 
expression. 
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Let us now introduce the ratio of the critical pressures of the 
two components, viz. 


Evidently the relation = exists, which changes (3) into: 
nr 


Ic =20v2-(14 =) + l(vi=1)- ae); 
(Ho) ee 


2912-42 6-3v:)-2W G- 375) 
= - +2 (5-3v;) 
or 
17797, \ 
(==: jvsß-zv5)-1 - - @ 


being the final expression for the molecular rise of the critical tem- 
perature on the side of the lower critical temperature. 

Now a case of frequent oceurrence is, that the critical pressures 
of the two components differ little. If these pressures are the same, 
a—1, and (3a) becomes: 


AIR 
whereas the former, approximated expression (see $ 1) for this case 


T,-T 
would yield: (p is then =d) A=49—1=— 


1 


x 
So for the case a=1 the former expression must be multiplied 


dy0= m, in order to yield the correct expression. 
1 

A few instances will prove that it is no longer necessary now to 
double the molecular formula of the solvent. 

As x is near 1 in most cases, and the formula (35) varies very 
little with changes in the value of x, we shall use the formula 
A=6(4—1) for convenience, the sooner as the values of 7‘, (the 
ceritical temperature of the dissolved substance) are all unknown, and 
can be given only by approximation. 

Let us first take the four substances which CENTNERSZWER’S expe- 
riments induced me to calculate in the “Chemisch Weekbl.” (l.c. p. 
227— 228). We shall now calculate the values of 7, from the values 
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of A found experimentally, and see if the values found in this way 
are about the double of those of the (absolute) melting temperatures '). 


Melting 

a i ? ” | Quotient 

found |calculated| calculated| point a 
Anthraquinone 3,98 2,46 10609 560? 19 
Resorcine 2,36 2,12 910° 480° 1,9 
Campher 1,33 1,83 7909 450° 1,8 
Naphtaline 1,45 1,80 770° 350° 2,2 

1,95 average 


The values of 7‘, are calculated from 7,= 6x T,, where T, = 430°, 
being the critical temperature of the solvent SO,. 

So we find really a value in the neighbourhood of 2 for the ratio 
between critical temperature and melting temperature. We call attention 
to the fact that 2,0 is found as mean value for this ratio for bi- 
and tri-atomie substances; for multi-atomic-substances this mean 
value rises to 2,3. There are, however; substances, where the ratio 
mentioned falls to 1,4 or rises to 3,5. The values caleulated by 
means of the formula A=#(4 —1) are therefore in any case not 
in contradietion with what experience teaches us. 

In the second place we shall consider in the same way five 
substances, which have been examined by Büchner only recently. 
(See Thesis for the doctorate, p. 128—129). The solvent was CO,, 
of which 7, = 304°. 


Melting 
point Quotient 

Naphtaline 2,39 2,13 650° 350° 1,9 (in the preceding 

table 2,2) 
0,H,Cl, 2695 .| 2,200 670° | 325° 2,1 
C,H,Br; 2,87 2,27 690° 360° 4:9 
CHBr, 2,32 2,10 640° 280° 2,3 
0-0,H,CINO, 3,87 2,53 770° 305° 2,5 


2,14 average 


1) See my paper in the. Bortzuann-Festschrift (1904), p. 322—324. 


(152) 


Here too, we find therefore values for the ratio in question, which 
are not in contradietion with its empirical value. 

Doubling the molecular formula of the solvent is therefore no 
longer necessary, and we may, therefore, say that the formula found 
by us (3a) or approximated (35) represents the molecular rise ofthe 
lower critical temperature very satisfactorily. 

Finally I may point out, that the experiments — of ÜENTNERSZWER 
as. well as those of BücHNER — are not so accurate that the difference 
between 1,9 and 2,2 for naphtaline is of much importance. 

The reason of this’ is easy to see; it is exceedingly difficult 
to observe the critical plaitpoint temperature accurately. For it 
is required for this purpose, that the corresponding volume be 
accurately known beforehand, and that the volume of the tubes used 
be chosen accordingly. Else, of course, not the plaitpoint temperature 
sought, is found, but another temperature, situated more or less in 
its neighbourhood. And this too can be a source of inaccuracies '). 

From all that precedes it sufficiently appears that van ’r Horr’s 
assertion that the value of A is constant, and equal to about 3, is 
altogether incorreet. For the value of A is quite determined by the 
ratio @ of the critical temperatures. 

If 4 should happen to be in the neighbourhood of 2,3, then 
A=6(0$—1) will lie in the neighbourhood of 2,3 X13=3. 
And now it has been very misleading, that really for the examined 
substances the values of @ lie nearly all near 2,3. (For the five 
substances mentioned examined by Büchner the mean value of @ is 
2,25, for the, substances investigated by CENTNERSZWER this is also 
the case). If #9 = 3, we should find about 6 for A, so this is twice 
as much! Hence there is no question of constaney. 


!) Also GenTneRszwer calls attention to this in his paper (Z. f. Ph. Ch. 46, 
p. 427—501 (1903). See specially p. 446, 459, 464—466, 469—470, 489— 492 and 
497—499. It appears from these passages, how much trouble he has taken to 
determine the exact “Füllungsgrad”, and in this way to get as near as possible to 
the critical plaitpoint temperature. As the determination of the rise of the critical 
temperature was only of minor importance to Büchner, the values given by him, 
cannot — as he himself states — lay claim to the accuracy reached by CENTNERSZWER. 
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Chemistry. — “On the six isomeric tribromoxylenes.” By Dr. F. M. 


JAEGER and J. J. Branksma. (Communicated by Prof. A. F. 
HOLLEMAN). 


The six isomerie tribromotoluenes were prepared in 1880 by 
NevirE and WintHer ‘) and again in 1903 in a different manner by 
JAEGER ?) with the object of studying the connection between mole- 
cular and cerystallographie symmetry with isomeric benzene derivatives. 
In order to be able to extend this study to another series of com- 
pounds with an analogous chemical character we have now prepared 
the isomeric tribromoxylenes and give a short review of the mode 
of formation of these substances; we intend publishing a more extended 
report later on in the “Recueil”. 

Tribromo-o-xylenes. 

These substances are prepared by starting from the orthoxylidines 
1-2-3 and 1-2-4 according to the subjoined scheme: 


CH; CH3 CH; 


r Br 
CH3z CH; CH3z 
TE NEH; en; NCH 
2 | > || —  |1ose 
ae Bı 7 
2 NH, Br 


The orthoxylidines were treated in glacial acetic acid with the 
caleulated amount of bromine and in the dibromoxylidines thus 
obtained the NH,-group was replaced by Br according to SANDMEYER’S 
method. The tribromoxylenes thus obtained were purified by distilla- 
tion in steam. 


Tribromo-m-xylenes. 
3. 2-4-6-tribromo-m-xylene was prepared in different ways. 
a. Starting from symmetrical xylidine, 


CH3 CH3 CH; 


Br/: Br Br Br 
— 1959 — 859 


NEN y- 3 GE 3 NH 


r Br 


The sym. xylidine was converted into tribromo-sym.-xylidine and 


1) Ber. 18. 974. 
2) Dissertation, Leiden, 1903. 
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the NH,-group was then eliminated by means of amylnitrite with 
addition of finely divided copper. 


b. Starting from 4-6-dibromo-2-amido-m-xylene prepared according 
to Auwers'), we also obtain 2-4-6-tribromo-m-xylene m.p. 85° by 
replaeing the NH, by Br according to SANDMEYER. 


c. Acetoxylidide 1-3-4 yields on treatment with bromine and water 
dibromoacetoxylidide ?). If this is boiled with hydrochlorie acid, so 
that the acetyl group is eliminated and if in the dibromoxylidine so 
obtained the NH,-group is replaced by bromine 2-4-6-tribromo-m- 
xylene is also obtained. 


CH; CH; CH; 
Bı Br Br, Br Br Br 
| 16 _ 85 
974 CH; CH; + CH; 
NH i H, Br 
co 
CH; 


4. a. In order to arrive at 4-5-6-tribromo-m-xylene 4-6-dibromo- 
2-amido-m-xylene was converted by means of bromine into 4-5-6- 
tribromo-m-xylidine and from this substancee the NH,-group was 
eliminated by diazotation and nn with alcohol, 


CH; 
ae Br, Nun Br 
ee), —- 490° 105° | 
5 AR Br CH: 
Br 3 


b. Starting from a a m.p. 96° we obtain 
by bromination 5-6-dibromo-4-amido-m-xylene m.p. 35°, which is 
converted by means of the SANDMEYER reaction into 4-5-6-tribromo- 
m-xylene. 


5. After many failures to prepare it differently, 2-4-5-tribromo-m- 
xylene was finally made in the following manner. 


CH; CH; 
NH, NH, 
4,50 — 500 | => o 
SM [0% ge 
Br 
1) Ber. 32. 3313. 


2) Genz. Ber. 3 225. 
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Starting from 4-bromo-2-amido-m-xylene prepared according to 
NÖLTInG!), we obtained 4-5-dibromo-2-amido-m-xylene by bromination 
and from this 2-4-5-tribromo-m-xylene was prepared according to 
SANDMEYER. 


6. Finally, tribromo-p-xylene was prepared according to the sub- 
Joined scheme. 


CH; CH; CH; 
Ne SM ZN: 
Fa > |65 —> | 89 
N Br Br N Br 
CH; CH; CHs 


Consequently all six tribromoxylenes had been obtained. 


CH; CH3 CH3 CHz CH3 CH; 
BIN. "/NcH  Br/NBb -B/N Ne /NBr 
86° | [1050| | 85° | 11050 | | 87° 89° 
Bar Br\ AB IN. CH3 A CH; Be hr Br Br 

Br Br Br Br Br CH; 


We wish here to express our thanks to Prof. FRANCHIMONT, who 
kindly presented us with the specimens for this research. 


Zaandam, juni 1905. 
Amsterdam, 


Meteorology. — “Oscillations of the solar actwity and the climate”. 
(Second communication ’). By Dr. ©. Easton. (Communicated 
by Prof. ©. H. Wınp.) 


(Communicated in the meeting of May 27, 1905). 


At the end of the first communication on this subject the suppo- 
sition was started, that tie 11-year oscillation of temperature with 
regard to the eleven-year cycle of the sun’s activity generally was 
accelerated in the cold, retarded in the warm part of the larger 
oscillation. In order to investigate this matter more thoroughly, I 


proceeded as follows: 


1) Ber. 34,'2261. 

2) See for the First Communication : Proceedings of Nov. 26, 1904, p. 368. 
“In that paper p. 372 read 89-years instead of 178-years. Furthermore strike out 
what has been said on p. 369 about the experiment of Sav&uier. 


11 
Proceedings Royal Acad. Amsterdam. Vol. VII. 
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The observed maxima of the eleven-year cycle were placed one 
beneath the other, beginning with the greatest positive deviation of 
the observed Maximum and ending with the greatest negative one, 

Afterwards the cold-factors found for these periods were put in 
their places on both sides of that line of the Maxima, the dates 
being recorded accurate within a quarter of a year. Of the series 
thus obtained those before 1750 were prövisionally left out of 
consideration: they are much less reliable, according to WoLr and 
Newcomg. The rest was divided into three groups (taking as limits 
the deviations + 0.4 and — 0.4 years): group A showing as a 
rule a strongly positive deviation from the maximum, group B 
containing small deviations in both direetions, in group C the 
deviation being on the whole strongly negative. The mean deviation in 
group A (3 eleven-year cycles) is + 1.5 years, that in group B 
(3 eycles) 0, that in group C (6 cycles) — 1.7 years. For each 
group the cold-periods which fell in the same vertical column, 
were combined and the three rows of numbers thus obtained were 
smoothed. 

The following rows (Table I) show the result; M means the place 
of the observed maximum, m and m, the calculated normal minima 
on both sides. 


TABLE 1. 


Acceleration or retardation of the cold wave with regard to the sun wave. 
A .38.10° 040,083 7 0976 DSB TI nt 


B u.87737 765 97077 ,6 708) 70 2102750 7 EEE FAUST SEE 
C 4.7 93,10 32-25 5 6,5 93 7 7 sa Sa aa 


mM M m, 


No conclusions can be derived with any certainty from this table. 
Here again we find some indication of a distribution of the winter- 
cold, within the 11-year cycle, different for the warmer and the colder 
periods. Still however the curves B and C rather suggest a correlation 
of the minimum of the sun wave with the Maximum of the cold- 
wave. An other investigation seems to point in the same direction. 
It was made by the method explained on p. 372 of our First Com- 
munication'); it merely differs in so far that only the cold-factors 
since 1615 were included. We thus obtain the following table as 
a counterpart of Table II of the First Communication: 


N Table II of the First Communication is based on a 356-year period; of such 
periods, 3 are available. Each value given in that table represents therefore a 
frequency for 3 years, Tlıe values that follow hereafter represent a yearly frequency. 


(157) 


_ TABLE II. 


Wintereold and phases of the 11-ycar suncycle since 1615. 
(Groups from cold to warm). 


There is, it is true, a strong elevation about the time of the 
minimum in the coldest group and a small elevation at ap in the 
warm one, but nothing is left of a curve corresponding with the 
11-year one. This table does not confirm Table II of the First 
Communication. For the rest its value is only small, because the 
material, though purer, is so scanty : in 26 eleven-year cycles only 
51 observed cases of severe or very severe winters are available. 

The tellurie perturbations thus seem to be so strong that, though 
they cannot cause the disappearance of the greater fluctuation, they 
practically abolish here the 11-year cycle, such at least is the case for 
the data at present under discussion. With regard to the supposition 
at the end of the First Communication, our conclusion therefore 
must be that the result of a more thorough investigation of all the 
available data is negative. 

We have already remarked that there appears only a very incom- 
plete correlation between the frequency of the sun spots and the 
oscillation of the temperature. The correspondence became only some- 
what more apparent if, for the cold winters, we combined four 89-y. 
periods in one of 356 years. However the indication of parallelism 
obtained between the periodicity of the severe winters and that of 
the quantity M—m of the sun’s oscillation, leads us to consider more 
closely the other elements of the sun’s oseillation. For a long time 
it has been well known that the maximum of an eleven-year cycle 
as a rule succeeds the minimum the faster, the higher the wave. 

As the amplitude of the sun’s period must be restrieted within 
certain limits, this might be supposed to mean that the steepness of 
the ascending phase represents the only variable element in the sun’s 
oseillation and that the minimum thus would remain constant, at 

11* 
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least would not be displaced systematically. In that case indeed a very 
high wave of the sun spot curve would have to coincide with an 
abbreviation of ihe normal ascending phase. When we examine 
the oseillation more «losely, however, it soon appears that the place 
of the minimum varies systematically. We are thus led to inquire, 
whether for a comparison with tellurie oseillations just this accelera- 
tion and retardation do not present real advantages over the other 
elements of the sun’sactivity. As by no means the observed deviations 
of the maxima and minima always agree in amount and direction, 
I. investigated separately : 

1. the deviations of the maximum, 

2. those of the minimum, 

3. those cases in which the deviations of M and m have the same 
sign. Where such is not the case, we should not attribute it to errors of 
observation without additional proof. However, case 3 will show the most 
pronounced deviations of the oscillations. The investigation was made 
first using the whole of the available materials ; second exeluding 
all periods before 1750 (that is of the least reliable observations). 
As the result did not deviate very strongly, only those of the last 
mentioned investigation are here communicated. 

Meanwhile it seemed desirable to use not only Newcomeg’s list, 
but also the data as given by Prof. A. WOoLrer '), because relatively 
small deviations in the observed values may already have an appreci- 
able influence. In this case also the difference of the results was 
fairly small. 

For the following - tables I used Wourkr’s data as a basis; only 
in the IV!h it was deemed necessary to communicate also (in paren- 
theses) the result obtained from Newcomg’s data. 

In the tables III and IV, column 1 shows the groups of the periods, 
arranged according to the amount of the deviations beginning with 
those that are largest positive; column 2 contains the numbers of 11-year 
eycles; 3 the mean amount of the deviations; 4 the quantity M—m; 
5 the length of the period ; 6 the mean of the Relativ-Zahlen (accord- 
ing to the smoothed table of WoLrer), in parentheses I placed the 
means of the highest elevations of the curve; 7 the cold-factors 
(yearly frequency). Table V column 3 shows the mean deviation as 
computed from the two phases. 


I) A. Worrer, Astron. Mitteilungen, XCIIL, 1902. 
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TABLE III. 


l1-year periods, arranged according to the deviat. of the max. 


4 9 3 A 5 6 7 
M M—n L R-Z. Cr. 
| 
A 4 a 5.9 11.3 32.8 (64) 0.33 
B 4 a a 11.2 47.7 (103) 0.31 
c 4 | —3.2 3.5 | 11.4 60.3 (128) | 0.59 | 
TABLE IV. 


11-year periods, arranged according to the deviat. of the min. 


3 N 5 6 7. 

1 | 2 | m M—n L R-Z. | Cr. 
08 | 47 40.5 16.5 (91) 0.27 
A 4 4 0.7) | (5) (10 9) [43.2 90) (0.29) 

} UN 7 11.2 4.8 (90) 0.38 
 B (0) (4.3) (10.7) [54.1 (141)] (0.40) 
| BERN RW 11.9 52.5 (114) 0.57 
| y * |-20)| 9 (11.8) [43.6 (9%)] (0.51) 

TABLE V. 


11-year periods, arranged according to mean deviat. of both min. and max. 


3 P 5 6 7 
2 ImandM.| Hmm. L R-Z, ch 


2 + 1.6 5.8 10.6 35.4 (66) 0.35 | 


A 

B 2 — 1.0 3.9 10.7 54.2 (114) 0,50 

c 66.3 (142) 0.70 | 

These tables show that the variation is least apparent in the length 
of the period, furthermore that the deviations in the position of the 
maximum of the period (as was to be expected) agree well with 
those of the Relativ-Zahlen and of the quantity M—m ; finally that 
this correspondence is less satisfactory for the deviations in the position 
of the minimum, which however agree well with the modification 


“in the cold factors. In Table II, it is true, the largest cold factors 
coineide with the largest deviations of the other elements of the 
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sun’s activity, but the course is irregular (the list which also contains 
the periods before 1750 shows the same peculiarity). 

It appears from Table IV that the correlation of the course of 
the coldfaetors with the deviations of the minima is evident according 
to Nuwcom»’s data as well as to those of WOLFER. 

When we consider only those periods however, where the devia- 
tions of m and J/ are of the same sign, we find correlation between 
all the elements of the sun’s activity and the cold factors. (That the 
extension is so small, proves that the acceleration of M and m is rather 
to be explained as an acceleration of the whole period). Unfor- 
tunately, if we leave out of consideration, as in Table V, the data 
which must be considered insufficiently reliable, the materials becomes 
so limited that the result can prove but little, and can only be con- 
sidered as a strong indication. 


In the preceding investigation the periods have not been chrono- 
logically arranged ; it was not possible therefore to find any evidence 
of a periodie modification in the deviations of the sun’s oscillation. 
According to our former results, however, we may expect that these 
deviations will generally correspond with the great periodic wave. 
To test this point the 11-year cycles have been arranged according 
to the adopted 89-year period ; the deviations have been compared 
with the cold factors found for each period. An arrangement corre- 
sponding with the computed maxima seemed preferable to an arran- 
gement corresponding with the minima, because of the previously 
indicated acceleration- of the strong cold waves, beyond the observed 
solar minimum. 

In Table VIA the vertical columns represent the eight 11-year 
eycles contained in the 89-year period; the first begins in 1648; 
in the 234 and 24'h square however I placed the periods 1626—1637 
and 1637—1648, the periods since 1894 being of course not yet 
available. In each square ‘the uppermost number represents the 
deviation of the maximum, the second the deviation of the following 
minimum according to NewcomB. Where the sign + or — follows 
the number, the deviation amounts to at least half a year, either in 
the positive or the negative direction. A O indicates a smaller devia- 
tion. The lower number gives the total of the cold factors between 
two consecutive maxima. Those phases to which NkwcomB assigned 
a weight smaller than 3, have been placed in parentheses. 

Table VID contains the same data according to WOoLFER; however, 


in the last square but one I have here written down the observed 
phases 1894 and 1900, 
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TABLE VI. 


Deviations of M and m and cold factors in the l1l-year cycles, arranged according 
to the 89-year period. 


4A.-Newcoml. 

I 1 II IV V VI VI VII 
(+40.2)0 0.4) 4.0 2.9 —0.3)0 4.4 2.7 0.8 
letzt rt 

4 40 2 3 4 3 4 4 

0.9 4.1 1.4 MIR Alle — | —A,4 1 —|4141 + 
m. ät 7 v a —1.9 — | —41 — | —1.5 — | -06 — ae 
4 | 3 7 | 3 9 5 6 1 
1.9 een, 00 Do ee 209 
a eier 0102 +1.0+ ae 
4 5 4 3 6 3 | 1 1 
B. Wolfer. 

—0 6) — (—0 6) — 2.2) —0.9) — 5 +2. +0.3 0 
En 0 3) 0 a3) 1.0) ae Iey 2 2} (H. 2144030 (+0.9)+ 

4)0 9 1.0 —1.9 — | —4.2 — | —5.6 —/+0.40 5 + 
Dos t02 7 pr —2.1—|—41 — | —1.6 —| —0.5 — 13 1+ 

9 —0.9 — | —1.11 — |—0.2 0 |—0.8 Au, 0.5 + (+1.0)+ 

0. $=10 21704 0 40.4 0 !+H1.0 ne s+l}05 +04 


In order to bring into greater evidence those cases, in which the 
deviations are most decidediy indicated, I give in table Vlla, for 
the whole of the three last 89-year periods, the numbers of + or — 
(following the amounts) which remain, when I take together the 
signs of the same vertical column. 

Furthermore I computed the sum of the amounts in each ver- 
tical column, both exeluding and including the values in parentheses, 
taking then the mean amount for each phase (VII, b* and bP), 

Table VlIe gives the elevations of tle Relativ-Zahlen-curve 
ctomputed from Wourrr’s table in the following way : the mean 
was taken of the three highest yearly means on both sides of the 
Maximum ; the series of numbers thus obtained (nearly two complete 
Beries since 1750) were placed one beneath the other; then the 
means of these values were again computed. 

The eurve c® was then obtained by placing against the rotation 
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number of the period the means of the last mentioned numbers 
taken in pairs (viz. the means of the maximum at {he beginning 
and at the end). For the curve cb the preceding maximum value 
was written down in the same place. 

In table VIId have been inserted cold factors as combined in each 
column for the_three last 89-year periods. 

Table VIIee shows the sum of the cold factors between the com- 
puted maxima of the 11-year cycles, obtained by addition of all the 
89-year periods elapsed since 848. They are nothing else than the 
totals of Table I in my first communication about this subjeet (in 
eb I gave a greater weight to the most recent data, see p. 163). 

Figure I is a graphical representation of the curves of Table VII. 


.. r 


er a 


Fig. I. 89-year period. 
a—c: Sun’s activity. 
d—e: Climate. 
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TABLE VII. 
Deviation in the elements of the 'sun’s activity, and 89-year oscillation of the climate. 
I I Hal VEN vI vI via 
2 £ — 
Direction of deviation.| .3+ | HR | 0|3-| 0 0164 
b2 0.9 0 + 0.3 0.7)— 1.6— 0.614 0.6/+ 4.0 
Dep alssattun. 170: -04 + 1.24 0.4 1.4/— 0.64 0.6.4 1.0 
c® 29 90 89 | 105 | 106 77 50 52 
Brian, 65 “| 7) al al | | 0 
d 
Old Tezlors 12 18 13 9 19 11 11 3? 
3 Per. of 89 years. 
e® al 44° 38 26 3I.| 27 19 9? 
b | 97 Sa BB 0 Er ER, 


Cold factors 
All the 89-year Per. | | | 


All the curves show a corresponding course; the correspondence 
of the curve of the cold factors with that of the deviations in time of 
the sun waves is certainly as well indicated as that with the deviations 
in height. As was to be expected the correspondence does not extend 
to details, but the strong depression in an interval of 8 eleven-year 
sun cycles is apparent in all the curves. 


In conelüusion a few words on the apparent general increase of 
the coldfactors during the last centuries, which might be inferred 
from table I in my First Communication. Does it justify us in 
assuming a secular refrigeration ? 

In my opinion there is no reason for such a conclusion; it seems 
more probable that it must be explained provisionally at least by 
the incompleteness of the data for the earlier centuries. The numbers 
of winters which have a weight 5 according to KörpEn are distri- 
buted as follows over the different centuries (the material. for the 
XIXth century is not homogeneous with that for the preceding ones). 


Before the year 800. . . . . 4 winters. 
In the Dalai ” 
E2) E22) X „ ® 8 . x 5 BE] 
» E) xl ” 7 „ 
Ep] „ Xu „ . „ 
ee ll, 107% 
„ „ XIV „ 6 „ 
„ „ XV ” 15 „ 
ab AN . 16 ,„ 
Bm SAN CZ, 21 Y 
sn ANHI 5 19 „ 
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There is no evidence of a smooth course, but rather a sudden 
inerease about the XIV!" or XVth century. Ifthere was any question 
of slowly inereasing refrigeration, this would appear most elearly 
between the XV! and XIXth century, the material being more 
complete during this time. 

For the three 356-year periods treated in Table I, First Commu- 
nication, the. numbers are: 25, 37 and 66. When treating this table 
with the weights 4, 6, 10 for the 1, 2°d and 3rd “great period’ we 
obtain for the totals (see Table VII and fig. 1, f B): 

I (848-1208) 16 48 20 24 28 20 0 08 
II (1204—1560) 1.8 6.9 108 36 54 36 48 1.8 
III (1561—1916) 24.0 18.0 15.0 14.0 23.0 16.0 11.0 4.0 

Total: 3.272.230: 28: 20.773, P 22 

In the recent material the depression about the middle of the 
89-year period is pretty evident; we must remark however that it is 
not to be found in the even 89-year periods of Table I; the totals 
for the even periods separately become: 

14, 17, 11, 12, 11, 10, 4, 3. 

This may be attributed of course to a 356-year period, in-which, 
as appears from the table, the third 89-year subperiod is strongly 
anomalous, 


I will now try to summarise tlıe main results of the investigation 
contained in these two communications. 

We have seen —- particularly when investigating the 11-year 
cycles, leaving out of account their connection with any longer period — 
that the purer our data the more evident the correlation between 
modifications of the sun’s activity and the deviations of the elimate. In the 
same degree however these data become more scanty and the acci- 
dental deviations might perhaps have a predominant influence for 
this reason. : 

In these eircumstances the first of our final eonelusions must be this : 
our data are insufficient for any rigid proof. 
In regard to each several part of the investigation, we can at most 
qualify them as strong indications. 

For some points, however, these indications taken together are so 
strong that they may be considered convineing. Such is to my opinion 
first, the existence of a fluctuation, both in the activity of the sun 
and in the climate, larger than the well known 11-year cycle of 
the sun spots. 


This eonelusion, though very probable, would not seem to be demon- 
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strated, if it rested exelusively on the data about cold winters. 
(Table I First Communication). 

A purely accidental coineidence becomes inadmissible however, now 
that we have found a similar fluetuation in different elements of the 
sun’s activity, the more so, where the possibility — nay probability — 
of a causal connection between the two phenomena is obvious. This 
eonclusion is strengthened by the correlation between the sun’s 
activity and the temperature in tropical regions, found by Körpen and 
NORDMANN. 

On the other hand the exact nature of these fluetuations cannot 
yet be established. 

The parallelism of the frequeney of eold winters and the Relativ- 
Zahlen is most strongly marked, if we take as a basis the period of 
356 years—32 eleven-year cycles (see fig. I of our First Communication). 

Moreover we find both in the sun’s activity and in the elimate 
indications of a shorter period. Meanwhile it is only the 89-year 
periodieity which appears clearly in our data. 

The matter may perhaps be cleared up by hypotheses about the 
physical cause of the oscillations (hypotheses into which I have not 
entered here). Therefore, what may be considered sufficiently demon- 
strated about the nature and the length of the periodieity, comes 
to ths: Retardation and weakening ofthe 11-year 
suns’ osceillation together with a diminution of 
the number of cold winters every 89 years. 

Moreover it seems sufficiently certain that strong deviations from the 
“normal” 89-year oscillation oceur at the same time in the sun’s activity 
and in the celimate. They are perhaps caused by the existence of a 
still longer period (see for instance the considerable acceleration and 
increase of the sun’s oseillation in the latter half of the 11!h 89-year 
period — second half of the 18'" century — and the exceptionally 
high cold factors of that time). 

Finally we may conclude from the whole of our investigation, and 
this is perhaps the most important conclusion : that in connection with 
metcorological phenomena, not only the frequency ofthe 
sun spots, but also other elements of the sun’s 
activity curve deserve our attention. 

Of course the possibility of a predietion of certain characteristics 
of the weather, long in advance, with a considerable degree of 
probability, is contained in our result. 

Also its importance for explaining geographical and geological 
phenomena is obvious. I do not now wish to enter into details about 
these matters. 
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Chemistry. — “On colorimeiry and a colorimetric method for 
determining the dissociation constant of acids.” By Mr. F. H. 
Eipman Jr. (Communicated by Prof. S. HooGEWERFF). 


On colorimetry. 


During the last few years I have been obliged to undertake a. 
large number of colorimetrie determinations, which had to be made 
as accurately as possible. 

The impossibility of. making really accurate colorimetric deter- 
minations without taking a number of precautions, made KNEcHT ') 
utterly rejeet this method of working. As KnecHt’s method (titration 
of the colouring matters by means of titanous chloride) is not appli- 
cable in all cases, it was thought that an effort to improve the colori- 
metric method, would not be undesirable. 


PRINCIPLE OF THE COLORIMETRIC METHOD. 


Starting from the supposition that on diluting a solution of a 
colouring matter, neither the amount, nor the nature of the colouring 
matter present, undergoes a change, the principle of the colorimetrie 
method is as a rule indicated as follows: 

If we examime in transmitted light two solutions, containing the 
same colouring matter, the concentrations will be inversely proportional 
to the heights of the layers of the same colour. 

This formulation will be found in OstwAaup, Handbuch für Physiko- 
Chemische Messungen ?) and in HEERMANN, Coloristische und Textil- 
chemische Untersuchungen °). 

The first supposition cannot at all be accepted as being generally 
correct; in fact, in the practice of colorimetry the eircumstances, in 
which it is correct, occur but rarely. 

In future those solutions of colouring matters, where these suppositions 
are permissible and which may, therefore, be determined colimetrically 
without precautionary measures, will be styled directly measurable. 

If the colouring matters under examination are not electrolytes, 
their nature and amount will suffer no change by dilution. Such 
colouring matters are, therefore, directly measurable. 

But with acid, or basie colours, or their salts the case is different, 
as these can but rarely be determined directly. The cause may be 
found sometimes in the electrolytie dissociation, in other cases in a 


!) Journal of the Society of Dyers & Colorists 1904. p. 242. 
%) Ibid. p. 179. 
8) Ibid. p. 63. 
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hydrolic phenomenon, which plays its part. If we have a solution 
containing acid colours, whose anions possess a different colour from-the 
undissociated acid, the solution will exhibit a mixed colour composed 
of the colour of the anions and that of the undivided acid. This 
phenomenon may be readily demonstrated by means of the acids of 
the following colouring matters: Methylorange, metanilyellow and ben- 
zopurpurin 4 B. 

That the change in colour, which these acids undergo when their 
solufion is diluted, must really be explained in this manner, is proved 
in the second part of this paper, where an application is made of 
the fact that such dilute solutions may be restored to their original 
colour by addition of dilute acids'). 

This explanation disposes of the theory of Küster °) and of that 
of GLASER ?) as to the indicator methylorange and it appears indeed 
that the methylorange-acid is, for an indicator, a fairly strong acid. 

This phenomenon also oceurs with salts of acid colours, therefore 
when testing the so-called acid and directly-dyeing technical colours. 

Such a case has been mentioned by C. H. Suter *), who noticed 
it when testing solutions of ?sonitrosoacetophenonsodium. He found 
that these solutions assumed an increasing yellow colour on increased 
dilution and he rightly attributes this to the. more powerful electro- 
lytie dissociation caused by the dilution. In this case the ionisation 
in N/10 solutions had proceeded so far that a further dilution caused 
no further visible change in colour. 

lf however we want to measure solutions of benzo-pure-blue, benzo- 
azurin or allied colouring matters, it will be noticed that in solutions 
containing from 0.1—0.05 gram in a Liter (approximately N/3000— 
.N/6000)the phenomenon is still of such an interfering nature, owing 
to the great difference in shade of colour, that a direct measurement 
is impossible. Sturter’s dissertation only reached me when my researches 
had already been brought to a close. 

In theory, analogous phenomena are possible with basis colours 
and their salts, but I have not as yet met with any such instances 
and in fact, have not searched for them. 

When salts of very weak acid colours are tested, the hydrolysis proves 
very troublesome, if the colour of the anions and that of the acids 


1) Compare A. A. Noyes and A. A. Brancuarn Journ. Americ. Chem. Soc. 22 
p. 726 and Central Blatt 1901. I. p. 11,.nO 15. 

2) Küster, Zeitschrift für Anorganische Chemie 8 p. 127. 

3) GLaser, die Indicatoren. 

4 C. H. Sıummer. Het mechanisme van eenige organische reacties. Academisch 
Proefschrift, Scheltema en Holkema. 1905. 
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should be different. As the solutions get more diluted, they exhibit 
colours approaching the shade of the colour-acid. 

A very striking example, which lends itself well for practical 
demonstration, is furnished by sodium carminate. Sodium alizarate 
may be also used, only the solutions, on being diluted, soon become 
turbid, owing to the slight solubility of alizarine. 

From these examples it follows that the-fundamental principle 
of colorimetry ought to be expressed as follows: 

Solutions of the same colouring matter, when tested colorimetrically, 
exhibit in layers of the same thickness the same intensity of colour ıf 
they possess Ihe same concentration. 


THE COLORIMETER. 


This apparatus must be so constructed that the liquid under exa- 
mination may be brought to practically the same concentration as- 
tbe standard liquid. 

The apparatus best suited for this purpose is that of SALLERON !), 
modified by KopPzscHAAr ’). In this colorimeter the most concen- 
trated of the two solutions is diluted with water until it has the 
same colour as the weaker solution. From the amount of water added, 
the desired eoncentration is calculated. It is a matter of indifference 
whether the most concentrated or the most diluted solution is used 
as the standard liquid. 

As it is not possible, when using the colorimeter of SALLERON- 
KoppescHAAR, to make rapidly successive readings of a quantity of 
solution to be measured, the apparatus, which I am now using and 
which is represented in the annexed drawing, is perhaps to be pre- 
ferred. It is constructed from a colorimeter of ©. H. Worrr °), The 
tube containing the standard liquid, the standard tube S is connected 
by means of a small horizontal tube EZ with the glass eylinder A 
in which a plunger (’ is suspended. This plunger can be moved up 
and down by means of a cog-wheel device along the standard 2. In 
this way the level of the standard solution may be raised or lowered : 
by providing B with a scale, the position of the liquid may be read 
off on tlıe same. 

The actual colorimeter stands in the dark chamber D. It consists 
of the standard tube S and the tube containing the liquid to be 
measured, the measuring tube M. 


\) Zeitschrift für Anal. Chemie 11 p. 302. 
?) Zeitschrift für Anal. Chemie 38 p. 8. 
3) Dingl, 236. 71, 
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The illumination of such a colorimeter is generally effected by 
means of a mirror placed below the tubes, which reflects the light 
from the sky. Owing to the clouds, this illumination may be very 
irregular, therefore artifieial light is preferable. Incandescent light 
is very satisfactory. With artifieial light, however, a mirror cannot 
be used, as small displacements of the lamp greatly affeet the illu- 
mination of the two colorimeter tubes; insteäd of a mirror, a piece 
of ground milky-glass is then employed. 

Above the tubes is placed the optical arrangement, which serves 
to create a field of vision, which is divided into two parts, one of 
which is illuminated by the rays, which have traversed the standard 
tube and the other by those, which have traversed the measuring 
tube. 

In principle, it is preferable to make both halves of the field of 
vision exactly the same shape, as they are then observed under 
exactly the same conditions. These conditions are not satisfied by 
the prism-system of Lummer and Bropkun, which has been applied 
by H. Krüss to the Wourr-colorimeter '), The field of vision is here 
a circle surrounded by a ring. This may, perhaps, partly explain 
the less favorable report of the Photometer Committee of the Nether- 
land Society of Gasmanufacturers °). 

The prism-system of Fresxer, generally met with in colorimeters, 
suffers from the drawback that it is liable to give way, when being 
cleaned, and cannot then be again properly joined together. This 
creates in the field a heavy black line of junction, which greatly 
impedes an accurate.observation. A prism made from milky-glass ?) 
is not advisable on account of the transpareney which causes the 
two halves to illuminate each other in the neighbourhood of the 
line of junction. An equality of colour is then noticed before it is 
really a fact. 

I use a prism of polished telescope-metal with angles of 45° 
illuminated by two little mirrors also at angles of 45° placed above 
the tubes. The line of junction is then hardly visible and the prism 
is proof against the influences of a laboratory atmosphere. 

The apparatus is now used as follows: The standard tube and 
the vessel A are provided with standard liquid, and fixed in such 
a manner that the height indicated on the rod B really corresponds 
with the position of the liquid in $S. The standard liquid would 
have to be more diluted than the solution to be measured. A known 

I) Zeitschrift für Instrumentenkunde 14. 102. 


2) Report of the said committee 1893. 
8) Ostwald l.c. p. 180. 
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quantity of the latter is then introduced into the measuring tube M 
and when the colours are equal, a reading is taken. In many cases 
it is not possible to take a reading, owing to the difference in shade 
of colour of the two liquids, but still we are able to see at which 
heights of the standard liquid this is deeidedly darker or lighter 
than the measuring liquid. 

The measuring tube is then filled with water up to the average 
of those heights and definitive determinations are now made. The 
difference in concentration between the two liquids is now in most 
cases so slight, that a difference in shade is no longer perceptible. 

In any case it is desirable to dilute the contents of the measuring 
tube up to the height found and to take a fresh reading, even when 
determinations may be readily made without dilution. 

In the case of acid colours this mode of working can sometimes not 
be applied. The measuring liquid should then be gradually diluted 
until, the colours being equal, the height of the measuring liquid is 
about the same as that of the standard liquid. 

In the case of such small differences in the concentration it may 
be safely assumed that the concentrations are inversely proportional 
to the height of equally-coloured layers. 

The great advantage of this method of working is this, thatat the 
final determination a series of readings can be taken, also that the 
standard liquid can be alternately changed from darker to equality 
of colour and from lighter to equality, as is done in polarisation. 
This renders each determination very certain. 

The readings may be rendered much more delicate by placing & 
coloured piece of glass on the ocular. It is necessary to choose such 
a colour that the rays of light, transmitted through the measuring 
liquids are also transmitted through the coloured glass. A trial with 
a pocket spectroscope or a consultation of FormAnzR’s work “Der 
spectralanalytische Nachweis künstlicher organischer Farbstoffe”, renders 
the choice easy. 

These glasses are readily made by dyeing old photographic plates 
with basie colours, which is easily done in the cold. 


A colorimetric method for determining the dissociation constant 
of acıds. 


Acid colours whose anions possess a colour different from that of 
the acid itself, and which we will call indicator-acids, may be used to 
_ determine the dissociation constant of the indicator-acids themselves 
in the first place, and also of all other colourless acids, if we have 

12 
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at our disposal a colourless acid the dissociation constant of which 
is known with certainty. 


PrINCIPLE OF THE METHOD. 

If the aqueous solution of an indicator-acid is diluted with water 
the colour will change in the direction of the colour of the anions. 
If for the dilution of an indicator-acid solution-an isohydrie solution 
of a colourless acid is used, the degree of dissoeiation will not alter 
and the colour of the solution will remain the same. 

If the solution of the indicator-acid is diluted with water, we may 
titrate back with an acid of which the concentration of the H-ions 
is larger than that of the solution of the indicator-acid, until the 
original-colour is restored. We have then prepared from the water 
and the acid solution a mixture, which is isohydrie with the solution 
of the indicator acid. 

Starting from an acid with a known dissociation constant — stan- 
dard acid — and an arbitrary solution of an indicator-acid we may 
in the same manner determine the dissociation constant of a second 
colourless acid, by preparing as directed, from the standard acid as 
well as from the unknown acid solutions, which are isohydrie with 
the same solution of the indicator-acid. The acid solutions are then 
mutually isohydrie and the calculation of the dissociation constant 
is readily made from the above data. 


THE OPERATION. 


The above described colorimeter is best suited for this method. 
The solution of the indicator-acid is introduced both in the standard 
tube and the measuring tube. The amount of indicator-acid does not 
matter, provided the quantity of it, in both tubes, is exactly the 
same. After most carefully adjusting the colours, the contents of the 
measuring tube are diluted with an accurately known volume of 
water, say, acc. lf now of a standard acid the dissociation constant 
is K4 and if from this is prepared a solution of a dilution v4, we 
then titrate with this solution the contents of the measuring tube until 
the colours are again the saıne. If this should require d ce the dilution 
at which the solution of the standard acid is isohydrie with the 
given solution of the indicator-acid is: 

a+b 
b 


If now the dilution of the indicator-acid is known, or if we have 
found in the same way the dilution at which an unknown dissocia- 
tion constant yields an isohydrie solution, then, calling both dilutions 


u 45 


(173 ) 


V3, the unknown dissociation constant A is found by the following 
calculation: 
If in the solution of the standard acid we call the dissociated 
part @ then 3 
ee... 
vi — UM 
the concentration of the H-ions, therefore, 


Rn a, ur 
= -1+) (u +:)) 
2 KaıVa 
For the acid with an unknown dissociation constant Kp, we may 
caleulate the same from 


SE IDE 4 
eo a 


as Cy and Vz are known. It is, however, simpler to make the 
calculation as follows: 
From 


we find: 


1 
an 


As both acids are isohydrie in dilutions of, respectively, Va and 
Vs, Cu will be the same in both, therefore 


Ka Y 
De: Ca Kı = — — CuKß 
A 
from which 
V er V 
NONE NG A en 


Test EXPERIMENTS. 

In order so show the accuracy of the process, I have made three 
determinations. In the first one I have determined the dissociation 
constant of benzoie acid, taking the constant of salicylie acid as 
known. In the second experiment I have determined the dissociation 
constant of anthranilic acid, using the figure obtained for benzoic acid. 
In a third experiment, the dissociation constant of propionie acid has 
‚been also determined with the aid of benzoic acid. 

Determination of the dissociation constant of benzoie acıd. 

Given: 

K, = 0.00102 v%, — 150 
v, — 100 
12* 
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Indicator : metanilyellow-acid. The change in colour of this indieator 
on dilution was not strong enough. Therefore, the solution was mixed 
before use, with a few drops of hydrochlorie acid, which caused the 
difference in colour to be more decided and more readily observable. 
This addition may be made without fear, for the colour is used as 
the indieator for the eoncentration of the hydrogen-ions and an equal 
concentration of the hydrogen-ions always gives the same colour. Only 
we must take care to use the same indicator solution for the whole 
series of determinations. 


Found: 
15ce of indieator + 50ce of water. Colour again restored with 
9 ce salieylie acid solution, therefore: 


50 9 2 
= — x 150 = 983.5 = V, 


15 ce of indicator + 10 ce of water. Colour again restored with average 
22.5 ce of benzoie acid solution, therefore 


10 + 22.5 
u En 100 =144=V} 
5 : 


from which : 


0.00102 ENTE 0 
Cu=-——-[i—]l +, Be LANE AR N S| je 0.0006294 
2 0.00102 x 983.5 


and: 
144 1 — 0.0006294x 983.5 


983.5 ° 1 — 0006294%x144 
By the electrolytie process the value of A, = 0.000086. ') 


K, = 0.00102 . — 0.000063. 


Determination of the dissociation constant of anthranilie acıd. 
Gwen: Ky, = 0.00006 v;, = 200 
va — 100 
Indicator : methylorange-acid. 
Found: 


15 ce of the indieator in both cases diluted with 50 ce were titrated 
back. to the original colour. 
For this was required 


Benzoie acid : 0.87 ce 
Anthranilie acid : 1.56 ‚, 


ı) Nernst. Theoretische Chemie, p. 404. 
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From which : 


50 + 0.87 
V Eee 7, ns 
= — a7 X 200 = 11690 
50 + 1.56 
V, II — — 
a er X 100—8806 


0.00006 7 < 
CH=-——- | —1+ IE Men une ng = 0.00004749 
2 0.00006 x 11690 E 


and 


3306 1 11690 X 0.00004749 
ee msn en, 
2 11690 * 13306 X 0.00004740 — 0.0000088 


The electrolytic process gave 0.00000986. ') 


Determination of the dissociation constant of propionie acid. 
Gwen: K,=0.00006 w= 442.5 
v, — 1020 

Indicator: methylorange acid. 

Found: 

15ce of indicator were diluted with 25ce of water; the colour 
was restored on adding 1.5 cc solution of benzoic acid. 

y, EN, x 442.5 = 7816 
1.5 

15ce of indieator were diluted with 10 ce of water; the colour 

was restored on adding 6 cc solution of propionie acid. 


10 +6 
= 


0.00006 
le 1) | = 0.00006261 
CH | ji? \ (oo 00006 x 7816 2 )|- 


and 


KR, 00000 X 


>21020 2720 


2720 1 — 7816 X 0 00006261 
7816 = 1 — 2720 X 0 00006261 

Found by the electrolytie process: 0.0000134. 

This method may, perhaps, prove useful in cases where the 
elecetrolytice method meets with diffieulties, for instance in the deter- 
mination of very small concentrations of hydrogen-ions or in the 
determination of the concentration of hydrogen-ions in presence of 
other eathions. I intend making further experiments in that direction. 


— 0.0000128 °). 


Laboratory, Netherland Technical School. 
Enschede, 15 May 1905. 


1) Ostwaıo, Zeitschr. für Physik. Chemie 1889, p. 261. 
2) Osrwarp, Zeitschr. für Physik. Chemie 1889, 
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Mathematics. — “On the number of common tangents of a curve 
and a surface.” By Dr. W. A. VerslvYs. (Communicated by 
Prof. D. J. KORTEWEG). 


$ 1. Let C, be a plane algebraie curve of class r, and S, an 
algebraic surface of class m,. Every tangent of ©, touching S, is a 
tangent of the section s of the surface S, with the plane Le 
Conversely, each common tangent of ©, and s is a common tangent 
of C, and S,. The curves C, and s being of the class r, and m, 
respectively, they have r, m, common tangents. Hence, S, and C, 
have r, m, common tangents too. 

Let the plane V of C, occupy the particular position of touching 
S, in d points of ordinary contact and in x points of stationary con- 
tact, the class of the section s is now 

m, — 2d — 34°). 

Hence, the curves s and (©, have now 

r, (m, — 2d — 3%) 
common tangents. Every tangent of €, passing through one of the 
points of contact d and % is a common tangent of C, and S,, without 
being a common tangent of C, and s. In $8 will be proved, that, 
if D, be the developable formed by the tangents of (/, each generating 
line of D, touching , in a point d counts for two common tangents 
of C, and S, and each generator of D, touching S, in a point % 
counts for three common tangents of €, and S,. If C, be a plane curve, 
the developable D, is the plane V counted r, times. Every ordinary 
contact d gives thus 2r, common tangents of C, and ‚S,, and every 
stationary contact % gives 3r, common tangents of C, and S,. Thus, 
the total number of common tangents is 

Im —-2d—- sy) +2dr, Fer ern, 

If the plane V of C, and the surface S, touch along a line, then 
every tangent of ©, touches »S, and the number of common tangents 
becomes infinite. This case presents itself if S, be a developable and 
V one of its tangent planes. Every tangent of ©, touches S, twice, 
if 5, be a torus and V be one of the planes touching S, along a eirele. 

If (C, be a curve in space the number of common tangents of C\ 
and S, is still r, m,, where r, is the rank of C\. This will be proved 


first for some special curves and surfaces and afterwards for the 
general case. 


$ 2. Let S, be a cone with vertex 7; the projecetion ofa common 


I) Versruys, These Proceedings. May 27, 1905. 
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tangent of C, and S, on an arbitrary plane 7, not passing through 
the centre of projection 7, is a common tangent of the projection p, 
of C, and of the section s of S, with 7. The converse is equally 
true. The class of p, and s being r, and m, respectively, the num- 
ber of common tangents of p, and s and thus of C, and S,isr, m,. 

If S, be a developable D,, a tangent t of (', touches D, if a 
tangent plane of D, pass through t, and conversely. Let D', and 
C', be the polar reeiprocals of C, and D,. To a plane of D, 
passing through a tangent ? of C, corresponds a point of C', on a 
generator € of D',, and conversely. The number of these intersections 
of (', and D', is r,m,, for the eurve (", is of order m, and the 
developable D’', of order r,. Then, since there are r, m, planes of 
D, passing through tangents of C\,, these are r, m, common tangents 
of C\ and S.. 

We can show in a very simple way, that if the ecurve (', be an 
arbitrary algebraie curve of rank »,, and the surface ‚S, be an 
arbitrary algebraic surface of class m,, the number of common 
tangents is still v, m,. For the tangents to S, form a complex of 
order m,, and the tangents of C, form a ruled surface of order r.. 
Now according to a theorem due to HarpHen ') the number of their 
common rays is r, m,, which proves the proposition. 


$ 3. Some theorems concerning the contact of a developable with 
an arbitrary surface will be deduced from the theorem proved above. 

Let ©, be a twisted ceubie C* and D* the developable formed by 
its tangents. Let S, be an arbitrary surface of order n,, having a 
cuspidal and a nodal ceurve respectively of order r, and $, and let 
D* and S, have an ordinary contact in d and a stationary contact in 
x points, whilst none of the tangents of U” is an inflexional tangent 
of S, and (C does not touch S,. The number of common tangents 
of C? and S, is now also for this particular position r, m, or 4 m,. 
These common tangents of C° and S, are: 1° the tangents of (” 
touching the curve of intersection s of D* and 5, and 2rd the 
tangents of C” touching S, in the points dandy% where the surfaces 
D* and S, touch. Let every common tangent of C” and S, passing 
through an ordinary point of contact d count for « common tangents 
and let every common tangent through a stationary point of contact 
4% count y times. 

The number of common tangents of C* and s will be 

4m, —ad— yy. 


1) R. Sturm, Linien Geometrie, I p. 44. 
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Let K be the developable formed by the tangents of s. Let ! be 
a common tangent of C* and S,, touching C* in R and s in 4 
One of the tangents of (C? consecutive to / meets S, in two real 
points of s, consecutive to P, as / is supposed to be no principal 
tangent of S,. The osculating plane V of ©” in R contains therefore 
four consecutive points of s, so it is a stationary plane a of sin P. 
Consequently the plane V is also a stationary tangent plane of X 
along the generating line . So C” has in A three consecutive 
points in common with X and no more. 

The 3n, points where C” meets S, are cusps ß of s'), so they are 
triple points on the developable X. 

Each of these 3n, points 8 counts at least for three points of 
intersection of C* with X. Each of these points ß counts for not 
more than three points of intersection, as we have assumed that 6 
does not touch S,, and the tangent in ß to ©” does not lie in the 
triple tangent plane of X in ß, which triple tangent plane coineides 
with tbe osculating plane of s in ß, i.e. with the tangent plane of 
S, in ß. 

The curve ©? meets X only in the Am, — 2d— yz points R 
and in the 3n, points ß, as every tangent to s lies in an oseulating 
plane of ©, and through a point of C” no plane can pass oseulating 
C® still elsewhere. The order of X or the rank of s is 

r — 4m, + 3n, — 20 — 34°). 
So the number of points of interseetion of ©? and Ä is 
3(dm, -+ In, — 24 — 3%). 

As the only points of intersection of C® and Ä are the points 

R and ß counted three times, we find the relation 
3(4m, + In, — 24 — 34) = 3 X In, + 3(dm, — rd — yyY) 
from which ensues 


or in words: 
If the developable D‘ and an arbitrary surface S, have an ordinary 
contact, two consecutive generating lines of D* touch S.. 
If the deveiopable D‘ and an ordinary surface S, have a stationary 
contact, three consecutive generating lines of D* touch S,. 
These theorems hold good too in the case that the developable is 
a cone’°). 


1) Versruys, M&m. de Liege. 3me serie, T. VI, 1905. Sur les nombres Plücke- 
riens etc. 

?) Versruys, These Proceedings May 27, 1905. 

®) Versuuys, These Proceedings May 27, 1905. 
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The two theorems mentioned above and their reciprocals and some 
special cases will now be treated algebraically. 


$ 4. Let ©, be a rational twisted curve of rank r, and Sa surface 
of order n, possessing no multiple curves. Let 


aa -+-by++d=0 
represent the osculating plane of (/, a,d,c,d being integer rational 


algebraie functions of £. Differentiating we find for an arbitrary tangent 
of C, equations of the form 
ab 2r dt, 
s2+b,y+0,2:2+d =). 

Solving y and z in function of « and ? we find: 
ei N 
in which A,B,C, D and E are functions in £ of order r,. If we 
substitute the values (A) in the equation of the surface S, we arrive 
at an equation (2), which is in x of order n and in Z of order 
nr,. For every value of ? this equation (D) furnishes the n values 
of x belonging to the points of interseetion of a tangent / to C.. 
If two of these values become equal, the tangent / will meet the 
surface S in two consecutive points and as S is supposed to have 
no multiple curves the tangent / will also be a tangent of S. Those 
tangents of C, are excluded which are at right angles with the X- 
axis, all points of interseetion with ‚S possessing the same x; so all 
roots x coincide, without the points of intersection coinciding. Every 
line being at right angles with the A-axis meets the line at infinity in 
the plane = 0. So the number of these particular tangents of (, is r.. 

The equation (DB) has two equal roots in x for a certain value of 
i, when this value of t causes the diseriminant of (D) to vanish. 
The diseriminant is in the coefficients of (DB) of order 2 (n—-1) and as 
the coefficients of (D) are of order r,n in £, the diseriminant is of 
order 2 r, n (n—1) in £. 

By a parallel displacement of the axes the plane @=0 can be 
made to pass through one of the tangents of C, which is at right 
angles with the A-axis. 

Writing {—+g for it, we can take g in such a way that this 
tangent of (C, Iying in 2=0 corresponds to the value =0. The 
equation (B) has then passed into .an equation (5°, where fort— 0 
all roots 2 vanish. 

The first equation (A) 


( 180 ) 


Ax®+B Cy—B 

Me Ze Dr = ur 

must now pass into @—=0 for t=0, so that (' and B must contain, 
after the change of variables, t as a factor, A not being divisible 
by 2. As the projection on the plane «= 0 of the tangent Iying in 
this plane can be any arbitrary line and-as C vanishes for 0, 
D and E must also vanish for t=0. In the equation (.B’) the coef- 
ficient of =" will be divisible by Z and the coeffiecient of a divisible 
by i773; 

According to SAarmon ') the discriminant of equation (B’) will 
be divisible by {"®=V, For each one of the r, particular tangents 
of ©, which are at right angles with the A-axis n (n—1) roots of 
the discriminant of equation (B) become equal. That diseriminant 
possessing 2r, n (n—1) roots, there are left », n (n—1) roots, to each of 
which corresponds an equation (B), possessing two equal roots. So 
there are »,n (n—1) tangents of C, which also touch $. As S 
possesses no multiple curves the class m is n (n—1). The number of 
common tangents of C, and S is thus as before mentioned 


r,m. 

$ 5. So far we have supposed that €, occupies no particular 
position with respect to ‚S. For particular positions of ©, two or 
more of the common tangents of C, and S can become consecutive 
tangents of (/. Let t be a tangent of C, touching S in P, and leta 
tangent of C', consecutive to £ be also a tangent of S. The developable 
D, formed by the. tangents of C, and the surface ‚S will touch 
in P. We shall now investigate when the contact is ordinary and 
when stationary. 

For simplification I assume for C\, the twisted eubie C° 

“per rem 
The equation of the developable D, or D* is now: 
2 —6bla+pye+4y +4@+p’2—3@+ pP y—0, 


A Y + etc. . . . 2 * ” ( ) 


If we choose for point P where the surface ‚S touches D* the 
origin of the coordinates the equation of S is 

=2 +." +2hy tb tee. : 2... (B) 

The surfaces D‘ and S have stationary contact in the origin when 


!) Modern Higher Algebra, $ 111, note. 
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B+2,)-#=0) BR N) 


The equation of an oseulating plane of (0° is 
? — 3a +p)? +3 yt—z—0. 
The equations of a tangent to C° are 
? —2e +p)t+y=0, +? —2yt+z=0, 
or 
y—z2@ +Mt—t, z=3(e-+p)? — 2% 
Substitution these values of y and z in the equation of S, we find 
an equation of order n in & 
=a,+ar2 +0, +a,0 + ete. 
where 
,=3pt + 4bp? ? — 21° — A bp’ + etc., 
a, =4hpt +31 — 2 ht? +8 bpt? — Abt’ tete, . (D) 
a,=a+4ht+4bt + etc. 
The diseriminant of this equation is of the form 
ap + a: Wr, 2). 

As a, and a, contain respectively 2? and ? as a factor, whilst 
and y are in general not divisible by t, the diseriminant is divisible 
by ° or the discriminant has two roots t=0. As to every root 
of the diseriminant (except the particular n (n—1)-fold ones) corre- 
sponds a common tangent of CU? and 5, the X-axis counts here 
for two common tangents of C” and 5, or the two consecutive 
tangents of (C* Iying in the common tangential plane of D and S 
both touch also S. 

The discriminant is a determinant, which gives when developed 
according to the elements of the first two columns 


2 na, Ad; — ("—1)a,’ ie Na Y, FG, + a” $p, - (E) 


$ 6. If the A-axis does not coineide with one of the inflexional (or 
prineipal) tangents of S in the origin 7, then the Y-axis can be taken 
so that = 0; to this eud we have but to take for Y-axis the diameter 
of the indieatrix conjugate to the A-axis. The expressions for the 
coordinates of a point on C” will not change if we now also 
take for plane «= 0 the plane determined by the new Y-axis, and 
one of the two tangents of (C’” meeting the Y-axis outside P, and for 
plane at intinity the osculating plane of C° in the point where C' 
touches the new plane «—=0, whilst for plane y=0 is taken the 


1) Sarmon, Three Dim. $ 204. 
2) Sarmon, Modern Higher Algebra, $ 111. 
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plane determined by the X-axis and the point where C* touches = = 0. 
When A=0 the terms of the lowest order in ? in the coefficients 
a, a, and a, are respectively of order 2, 2 and 0. 

The terms of the lowest order in Z of the diseriminant appear in 
the first term of the equation (#) at the end of the preceding $, 
namely in the term 2na,a,$,. So the terms of the lowest order 
in t are 

Ca (3p + 4bp?) t? 
where C represents a constant. The diseriminant possesses three roots 
t=0 or the A-axis counts for three common tangents of C’’ and $, if 


a(3p + 4bp?) = 0 
or if 
0 BA Eee: 

If 9-+45p =0, the surfaces D‘ and S have according to (C) a 
stationary contact, as h is also equal to nought. The origin Pis now 
an ordinary point (not a parabolic or double point) on the surface 
S and the common tangent (the A-axis) does not coineide with one 
of the inflexional tangents of S in P. 

This furnishes the theorem : 

If an arbitrary surface S and a developable D* have a stationary 
contact in am ordinary pomt P of both surfaces and the generating 
line l of D* through P is neither of the two infleeional tangents of 
S im P, then I counts for three common tangents of the cuspidal 
curve C° and of 8. 

If a=0 the surfaces D*' and S have according to (C) still a 
stationary contact, as still A=0. The origin P is now a parabolie point 
of S whilst the X-axis is the only inflexional tangent. The coeffieients 
A, a, and a, all contain the factor ??. So the diseriminant possesses 
the factor {', so that now the diseriminant has four roots t—=0. So 
the A-axis now counts for four common tangents of C* and S. 

If p=0, then ©? touches ‚S in the origin ?, whilst the oseulating 
plane of C* in P coineides with the tangent plane of Sin P. 
The terms of the lowest order in 2 in the coefficients a,, a, and a, 
are now respectively of order 3, 2 and 0. So the diseriminant (Z) 
is divisible by 2’, so that €’ and S now have in the origin ? three 
common tangents. Writing in the equation (BD) of the surface ‚S for 
the coordinates of a point on C* the expression =, y=t,2—t, 
we obtain an equation in £, containing ?? as a factor. The eurve 0° 
has thus in the origin only two points, but three tangents in common 
with 8. 

Eh=a=p=0, then C* touches the surface S in a parabolie 
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point P, the tangent in P to C® coincides with the prineipal tangent 
in P of 5, whilst the oseulating plane of C* in ? coineides with the 
tangent plane of Sin P. From the expressions (D) for a,,a, and 
a, follows that the diseriminant (7) is divisible by ti‘, so that C* and 
S have now four common tangents in common in the point P. 

Eh=b=p=0 then C* touches S still in a parabolic point; 
the only difference to the preceding case is that ©? no longer 
touches the principal tangent. From the equations (D) and (EZ) ensues 
that (* and S possess only three common tangents. 


Ir=b=0and» z 0, then ? is a parabolie point for which the 


prineipal tangent does not coineide with the tangent to ('’. From 
(D) and (E) ensues now readily that the X-axis counts but for two 
common tangents of C° and 8. 


$ 7. When the A-axis coincides with one of the principal tangents 
of Sin P then the axes cannot be taken in such: a way that h —= 0; 
but we have now @a=0. The terms of the lowest order in ? in the 
coefficients a,, a, a, (D) are now respectively of degree 2, 1. 1. 
So the diseriminant (#) is only divisible by ?, so that now the X- 
axis counts for two common tangents of C* and S. The X-axis itself 
has now with S in P three consecutive points in common, so it 
counts already for {wo common tangents. A tangent of ( following 
the X-axis does not touch S any more. 

The term of the second degree in ? of the diseriminant (Z) has 
now for coefficient 16 C’h’ p’, where ( is a constant. So the diserimi- 
nant has three roots {=0, when Ah=0 or p=0. The case h=0 
is just the one treated in $ 6. 

If p=a=0 then C* touches in P one of the principal tangents 
of Sin P, whilst the osculating plane of C? in P still coincides 
with the tangent plane of S in P. Out of the expressions (D) for 
A4,@, and a, it is evident that these coefficients are respectively 
divisible by 2°, {? and z. So the discriminant (#) is divisible by z or 
it has four roots t=0. The A-axis counts thus for four common 
tangents of C* and 5. By substitution fe =4 y=tf, z=#t in 
the equation (B) of the surface 5. we find that C* and ‚S now have 
in the origin three consecutive points in common. 


$8. Let C, now be an arbitrary twisted curve and D, the 
developable formed by its tangents and let D, touch the arbitrary 
surface S in P. Let / be the generating line of D, touching S in 
P and let R be the point, in which it touches C,. Let V’ be the 
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oseulating plane of C, in R. Through R and five points of C, con- 
seeutive to R a twisted eubie ('? can be brought, on the condition 
that R, ZT and V are an ordinary point, an ordinary tangent and 
an ordinary osculating plane of C,. The developable D* formed by 
the tangents to C? and the developable D, have in common the 
line / and four consecutive generating lines. 

If 1 must count for 2, 3 or 4 common ‘tangents of C” and S, 
this is also the case for ©, and S. The theorems proved in $ 6 
and 7 for C*? hold good for any twisted curve. This gives rise to 
the following theorems: 

If the developable D, corresponding to curve C, touches any 
surface S in point P whilst the generating line l of D, through P 
is no injlexional tangent of S, the line I counts for two or for three 
common tangents to C, and S according to the surfaces having in P 
an ordinary or a stationary contact. 

If the point of contact P of D, and S be a parabolie point on 8, 
then 1 counts for four or for two common tangents of C, and 5 
according as the inflexional tangent of S in P coinciding with l or not. 

If the point of contact P of D, and S be a hyperbolie point on 
S and if the tangent l of C, coincides with an inflexional tangent 
in the point P of S, then 1 counts for four or for two commeon 
tangents of C, and () according to R coinciding with P or not. 

If C, touches S in P, whilst the osculating plane of O, in P 
coineides with the tangent plane of S in P, then the tangent l in P 
to C, counts for four or for three common tangents of C, and 0, 
according to 1 being an inflexional tangent of O in P or not. 

The theorems proved here for curves in space hold with a slight 
modification (see $ 1) still for plane curves. They can be easily 
proved by taking for C, first a parabola p* after which they can 
be directly extended to an arbitrary conie section and after this to 
an arbitrary plane curve. 

Delft, June 1905. 


Physics. — The shape of the sections of the surface of saturation 
normal to the a-awis, in case of a three phase pressure between 
two temperatures.’ By Prof. J. D. van DER Waaus. 


In these Proceedings of March 1905 I have (fig. 4, 5 and 6) 
represented in a diagram some sections of the (9, 7, x)-surface normal 
to the Traxis for three temperatures, at which three phases can 
exist simultaneously. The three temperatures chosen were: 1 the 
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temperature which we might call the transformation temperature and 
which I shall indicate by 7, (fig. 5), 2rd a temperature a little 
below the transformation se (fig. 4) and 34 one a little 
above T,.. 

In the case that these sections are known for all possible tem- 
peratures, the saturation surface is of course quite determined and 
known, and so all other sections e.g. those normal to the «-axis, 
are also determined. But it appears from the given figures, that 
though the realizable part of the saturation surface has a compara- 
tively simple shape, the non-realizable part has a fairly intricate 
course — and that it is necessary to know also that intrieate portion 
if we wish to get an insight into the course of the part that is to 
be realized. 

To the intricacy of the hidden part it is due that though all the 
sections normal to the «-axis are given by those normal to the 7” 
axis, the shape of the (p, 7’),-sections will not always be easy to 
derive.e. Now that I for myself have obtained an insight into the 
course of these sections I have thought it not devoid of interest to 
try and make clear the properties of this curve by means of a 
series of successive figures. 

If we wish to represent these (p, 7). figures in a diagram, all 
the surface must of course be known — in other words according 
to the course of our derivation from the (p,x)r sections — all the 
(p, x) sections must be known. 

Between two temperatures which are known by experiment, see 
fig. 4, 5 and 6 l.c., such a (p, x)r section has two tops, viz. P and 
Q. If Tis raised, the part that has / as top, is narrowed, and 
the part that has Q as top widens, and the reverse. This property 
is perhaps not quite fulfilled in the schematical figures of the paper 
mentioned, but it follows immediately from the fact that with con- 
tinued rise of temperature the top / vanishes, whereas with sufficient 
lowering of 7 the top Q vanishes. Let us call the temperature at 
which P vanishes 7, and that at which Q disappears 7’,. I choose 
these symbols 7, and 7%, because I think of the mixture of ethane and 
alcohol as an example for the shape of the (p, 7, x)-surface discussed 
here. Of these mixture the plaitpoint eircumstauces have been deter- 
mined by Kursen and Rossox. At 7%, the whole top the plaitpoint of 
which is P, will have contracted, and the only trace left on the 
outline of the (p, x)-figure of the complication found at lower values 
of T, is a point, at which the tangent is horizontal, wlile at that 
' place there must be an inflection point in the (p, «)-curve, which 
has for the rest a continuous course. For 7’ equal to 7, this is the 
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case for the point Q vanishing on the outline. Just as experiment 
yields tbe values of T, and 7, it also gives us the values of 
and x at which the tops P and Q will disappear. For temperatures 
higher than 7, and lower than 7% the (p, x)r-curves have lost 
the complications which they had for values of 7’ between 7%. and 
7. Only at temperatures which lie little above 7%, or little below 
T,, there is still a deviation to be found from the well-known 
looplike shape of these figures, as there are inflection points to be 
found. So at 7, and 7, the complications which I shall call exter- 
nally visible complications, have disappeared. But before we can 
say we know all the partieularities of the whole (p, 7, «)-surface, 
among which I also reckon the /udden complications, the question 
is to be settled whether the disappearance of the external complica- 
tions involves the disappearance of the hidden complications, whether 
perhaps the hidden complications may continue to exist long after 
the external complications have disappeared. Figures (1) and (2) 
make clear between which two alternatives a choice must be made. 
According to fig. (1) the disappearance of the external complications 
would involve the disappearance of the hidden ones. According to 
fig. (2) the hidden ones continue to exist when the external ones 
have disappeared. And even when 7’ rises above 7%, they are still 
there. At higher values of 7’ the hidden complication gets detached 
from the outline. The spinodal eurve — — — retains its maximum 
and minimum, and there are still two plaitpoints, viz. at this maxi- 
mum and minimum. And only at a certain value of 7’ Iying above 
T, that maximum and minimum have coincided to a double point 
and the hidden complication is about to disappear. 

For the point Qa similar question occurs. Have all the complications 
disappeared at 7%, or is it required that 7’ descends below 7’, before 
the hidden complications have also disappeared on this side? 

I must own that I have long been in doubt on this point, as will 
appear when we compare the answer I shall now give to this 
question with remarks I made previously on the experiments of 
Kurnen and Rosson. 

According to Korrzwze’s result a double plaitpoint will always 
originate on the spinodal curve. But in itself this does not seem 
deeisive. For according to both figures, to fig. 1 as well as to fig. 2, 
a double plaitpoint disappears or appears on an existing spinodal 
curve. But in fig. 1 this takes also place on an existing binodal 
curve. And now it is Korrkwke’s opinion, that such an appearance 
of a double point, viz. on an existing binodal ceurve, would be such 
a special case that we ınust not conclude to it but in the utmost 
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necessity. This is in fact an argument that speaks for fig. 2, but 
which did not seem to me perfeetly conclusive. For who warrants us, that 
these very special eircumstances do not occur here? It is chiefly to 
decide this point, that I have also examined the course of the ( P:T)- 
lines. And this examination has taught me, that the particularities 
which oceur in these lines, do not clash with the assumption which 
leads to fig. 2 — whereas we should be confronted with diffieulties, 
when we concluded to fig. 1. 

Then fig. 3 is drawn up on the supposition that there are still 
hidden complications beyond the values of 7, and 77. In this figure 
is drawn in the first place the projection on the (7', x)-plane of the 
phases coexisting at the three phase pressure, viz. the continuous 
eurve DEAC. So this line represents the locus for the points A’AA" of 
the figs. 4, 5, 6 of the paper of March 1905. The value of 7 for 
the point Z is therefore 7,, and for the point A, 7 has the value 
of 7a. That this broken line consists of three almost straight pieces 
is not essential, but it has been assumed that it does not change its 
direction continuously at the points Z and A. 

In the second place the projection of the plaitpoint line has been 
given by: — . _—.. It consists of a piece which may be considered as 
the projection of the points P of the figures of March 1905, i.e. the 
left part up to the point £&. The part Iying on the right from the 
point A represents then the projection of the points Q of the figures 
l.c. Every part of this line Iying between E and A is projeetion 
of the hidden plaitpoints. 

As we make one double plaitpoint disappear at 7’> 7, and 
the other at 7’ <“ 7%, this middle part starts on the left still 
running to higher values of 7‘, (the piece EM) and on the right 
there is a piece mA, that also runs to higher values of 7. The remaining 
part of this plaitpont projection curve, viz. the piece Mm descends 
thierefore with increasing value of &. That this plaitpoint curve 
possesses a maximum and a minimum value will be shown presently. 
This middle piece is the locus of the plaitpoints Zr of the figs. 4, 5, 
6l.c. The part between E and M, and also the part between A 
and m is the projection of the higher plaitpoint of the hidden 
complication in the cases that. this complication still exists either 
above 7, or below 7%. 

In the third place the three phase pressure is traced. In the points 
of the line DE thinner lines have been drawn parallel to the p-axis, 
inereasing in length as we reach the point Z. The three phase 


pressure itself is denoted by —— — —. We must, of course, take 
care that points of the branch of the three phase pressure lying 
13 
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above EA, and also of the branch Iying above AC’ must fulfil the 
condition that for the same value of 7 the pressure must have the 
same value for the three branches. 

In the fourth place for some values of 7’ sections parallel to 
the (p,a)-plane are given and those parts of these sections are 
drawn which correspond to the pieces A'PA and AQA" of the figs. 
4,5,6 l.c. We must then, of course, take care that the maxima of 
the curves fall above the projection of the plaitpoint curve. Ik is 
hardly necessary to remark that at any rate as long as 7’ lies between 
T, and 7% the plaitpoint pressure for the left-hand branch, and 
also for the right-hand branch is greater than the three phase pressure. 
But if we want to compare the value of the plaitpoint pressure and 
that of the three phase pressure at the same value of x, we have 
to carry out another construction. Let @ be a point of the projection 
of the three phase pressure. Let us draw tlıe line @H parallel to 
the T-axis, then 7 (a point of the projection of the plaitpoint curve) 
has the same value of x, and so above 7 a point must be sought 
of the plaitpoint curve itself. How high this point lies depends on the 
value which the plaitpoint pressure has for this value of x. In the 
point 7 a somewhat thicker line has been drawn parallel to the 
p-axis, whose length would have to denote the value of this plait- 
point pressure. This length is left undetermined in the figure — 
but is clear that it will be smaller than the amount of the three 
phase pressure for the same value of ©. For at the value of 
T, as it is for the point G, the pressure above @ in the section 
for the chosen, value. of x is equal to the three phase pressure. 
The value of 7 for the point 7 is smaller than that for @. Between 
these two values of 7’ the (p,T).-section of the (p,7,x)-surface has 
a continuous course, and in such a (p,7),-curve the pressure rises 
with the temperature. Only in the case that a maximum in the (p,2)7- 
curve occurred, the pressure above Z7, so the plaitpoint pressure could be 
smaller than that above G@. But in our diagrams we shall assume the 
more general case. Themodifications which would ensue from the 
assumption that in the region discussed here a maximum pressure oceurs, 
would render numerous new figures necessary, and it will not be 
diffieult to give them when the more common case has been understood. 

According to fig. 3 there is in our case a maximum and a 
aT,yı 

—i U) 
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minimum for 7,;, so that there are values of « for which 


RR: a 
For a plaitpoint (=) i is equal to O, because it is a point of the 
pP 


3 


spinodal curve, and at the same time (=) is equal to 0. 
a" )/pT 
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The differential equation of the spinodal curve is 


d’T d’v d’n 
—- de al ||\ = ade. Sen 
O5 +( du? ke 1. ae 0 


The differential equation of the plaitpoint curve is 
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From (1) follows: 
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lf we substitute this value of ST in (2), we find: 
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From this equation (3) follows that () can become O0 when 
€ pl 


d 
(G ); —0. In this case (2) is not equal to 0. A similar case is 
de?) »1 da )pı 


found for substances, for which no three phase pressure occurs when 
there exists a minimum critical temperature. It is wellknown that 
in this case the binodal curve splits up, and that there is a point of 
infleetion for the isopiest in this point. There is a double plaitpoint 
also then, which originates or disappears at a certain temperature ; 
but though we can speak of a double plaitpoint, the value of 

d* 

=> is not —=0 then. 

da® J,T 

4 
In the case under consideration the value of ee is equal to 
peT 


0 in the point at which a double plaitpoint appears or disap- 
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pears, as may be derived from the figs. 1, 2, 3, l.c. Between 
certain values of p and at suitable values of 7’ there are isopiests, 
d’ PEEN SER T N. 
on which = is four times equal to 0. On such isopiests — is 
ag ! 
three times and Er twice equal to 0. We now can choose 
pT 
the value of. p and 7 such, that these two points in which 
d’ 2 
RR is O0, coincide. As then two values of z& in which — en 
da’,T d ’n 
also coineide, such a point is a plaitpoint. For such one 
e = d‘5 
and | — is equal to O0. These three equations 
or ’/»T da ‚I 
ee ee E* value of @, p and T7, at which such a double 


plaitpoint appears or disappears: 


d* 
If in (3) and (4) we put the quantity (=) =0(, then both 
pT 


e) and (£ a will also be equal to O0, from which follows that 
u) pl 


not only the plaitpoint temperature, but also the plaitpoint pressure 
will present a maximum and a minimum. As we only assume the 
case that = is positive, there will be found at the same time a 
maximum value or a minimum value for the two curves. In the 
points E and A there is therefore no maximum or minimum for 
the plaitpoint curves, and this is also to be expected for the curve 
of the three phase temperature, thouglı this perhaps might call for 
further examination. For the properties which are to be derived by 
us this is, however, not of great importance. 

Let us now proceed to describe the properties of the sections of 
the (p, 7, x)-surface normal to the z-axis or in other words the 
course of the (p, T').-curves. 

We remark then in the first place that for values of & below 
xp and above 20 the (p, 7’).-curves will present their usual shape 
without any complication. For values of & between xp and zz and 
also for values of x between z4 and xc there is a complication in 
these (p, T’),-lines. For values of x between xp and zz the three 
phase temperature lies higher than the plaitpoint temperature; the 
reverse is the case for = between 4 and wc. On such (», T),- 
curves the usual plaitpoint occurs, but at a plaitpoint such curves, 
considered in themselves, do not present any partieularity. But a 
point also oceurs on them at which the three phase pressure is reached, 
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and at such a point the curve suffers an abrupt change of direction. 
As for every value of x the line DEAC is met only once, this 
sudden change of direction oceurs only once in a (p, T),-curve. 
This determines the external course of such a section sufficiently. 
Beyond the point of change of direction the points for which W,, 
and V,, are equal to O will give rise to a maximum value änd to 
a critical point of contact. But we confine ourselves here to the 
modifications which are the consequence of the three phase equilibria. 

In the points, at which such an abrupt change of direction 
occurs, a part of the internal or hidden course of such a (p, 7).- 
curve begins and the series of figures (a, db, c, d ete.) indicates 
this hidden course for the values of x, for which the three phase 
curve is met. Seen on the (p, 7);-curve such a point presents itself 
as a node. The part of the curve coming from below continues 
through the node, also the part coming from above, while there 
is & third part which joins the points, where this onward course 
stops. The temperature of the node is, therefore, quite determined 
by the point at which DEAC is cut by a line parallel to the 7- 
axis with the given value of x as abseis. But the size of the hidden 
part is very different. As it has quite disappeared beyond x» and | 
xc, it is but small for values of » only little greater than xp or 
only little smaller than xc. But chiefly the different hidden parts 
are distinguished by the occurrence or non-occurrence of a plait- 
point and when it occurs by the place where it occurs. 

In what precedes it has already been remarked that the plaitpoint 
does not lie hidden for values of x beyond x@z and x4. But for all 
values of x between zz and x4 it lies on the hidden part, so on that 
which might be called the loop when the (p, 7’)»-curve is drawn. 
This appears at once when the (7, z)7-figures are consulted l.c. But 
depending upon the value of x the plaitpoint can have three different 
places. It may either lie on that part of the loop which may be 
considered as the continuation of the lower part ofthe (p, T’),-curve 
— or it may lie on the branch of the loop joining the points at 
which the onward course from below and above stops — or it may 
lie on the part which may be considered as the continuation of 
the part coming from above. | 

The first case oceurs for x between «z and zır, the second when 
* lies between zu and »„ and the third case when x lies between 
&m and xzı. So if we have drawn a (p, 7’),-curve, e.g. one of the 
figures of the series (a, b,c,d ete.), and when we proceed in the 
same direction in such a part, also following the loop, we follow 
ıihe motion which the plaitpoint has when » changes continuously. 
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A plaitpoint always being a point where the stable and unstable 
region meet, it would be incorrect to speak of stable, metastable and 
unstable plaitpoints. But when we pay attention to the coexisting 
phases in the neighbourhood of the plaitpoint, the preceding names are 
appropriate for such phases according to the described situation of 
the plaitpoints. As long as the plaitpoint lies on the external part 
of the (p, T, a)-surface, the coexisting phases in its neighbourhood 
are stable; as long as it lies on those parts of the loop which 
may be considered as a continuation of the external branches, the 
coexisting phases in its neighbourhood are metastable, and when 
the plaitpoint lies on the remaining part of the loop, the coexisting 
phases in its neighbourhood are unstable. 

In the series of the figures (a,b,c,d etc.) is, besides the loop 
of the (p, T).-curve and the place of the plaitpoint, also the shape 
of the spinodal curve indicated. This spinodal curve is the section of 
the spinodal surface with the plane which has the chosen value of «. 
All the points of the loop which lie below the spinodal curve represent 
unstable phases and those which lie above it, metastable or stable ones. 
Thus e.g. in fig. 4, in which the plaitpoint lies on the retrograde 
branch of the loop, the spinodal curve is a curve which cuts the 
loop in two more points. In concordance with the figures 4, 5, 61. c. 
are the points of intersection indicated by the letters D and (. By 
raising the temperature in these figures, the point (' is moved to the 
left, and when the temperature is lowered, D moves to the right, 
which makes it possible for them to come into the chosen z-plane. 

If from a (p, 7’),-curve for a chosen value of x the curve is derived 


R d 
which belongs to a value of @—-+dx, the value of (2) must 
FH ei 


be known for every value of 7. 


d 
. (2) is—0, the (p,7),-curve for the values x and «+ de, 


must have the same value for-p. If we draw both the (»,7),-curve 
and the curve (pT)x+.a, as has been done in the figures 4, 5 and 6, 
there will be intersection of these two (9, 7')-curves in all the points in 


(dp 
which ER er In the figures mentioned the ceurve for« + deis 


represented by — . — ., and now the two (9, 7)-curves will cut every- 
where where the spinodal eurve cuts the first (», 7)-curve, according to 
en d, : 
the property that for coexisting phases (2) = (0 when G -) U. 
| | 5 v)T ao )pT 
Also in the point where the spinodal eurve touches the eurve (2, T).,'so 
in the plaitpoint, such an intersection of the two following ( P,T),-curves 
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takes place. This may be assumed as already known from the properties 
of a (p,T).-eurve, when there are no complications by hidden 
equilibria. It might possibly be expected that in a plaitpoint, where 


‘ as Ra : 
besides ;) „ also | -— ) is equal to 0, double intersection and so 
da* ),T da’ )/pT 
contact would take place. If, however, we develop the equation 


2 d 
which teaches us the value of (2) viz. 
PH T 


d\ _ a’d 
(ae (2 2)s1 


for the case of a plaitpoint in the form: 


ee, 
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dp\ _ T 
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\ uERR, x d 
it appears that in the case of a plaitpoint, the quantity (&) 
PH T 


or 


is only once equal to O0 on account of the factor ©, — a. 

It may be remarked here for the better understanding of the series 
of figures (a,b,c etc.) that the first set of four viz. «a to d holds 
for values of x Iying between a point halfway &z and z4 and the 
point E itself, = moving to continually smaller values. Fig. d 
holds for zz. The second set of four values holds for x between 
xzg and xp, and Fig. 9 is the representation for T’= T,,. 

The remaining figures (b',c' etc.) hold for values of x lying on 
the right side. Fig. g' is the representation for T’= 7, on the right 
side and fig. d’ holds for x = 4. 


_ Physios. — “The (T,x)-equilibria of sohd and fluid phases for variable 
values of the pressure”, by Prof. J. D. van DER Waaus. 


In two communications (October and November 1903) I discussed 
and represented in diagrams for the case of equilibrium between a 
solid and a fluid phase 1st the (p, »)-figures for constant value of 
T and 2nd the (p, T)-figures for constant value of «. So only the 
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treatment and discussion of the (7, «)-figures for constant value of 
p was left. I have not given the third communication, in which these 
last figures were to be discussed, first because they could be derived 
directly from the other communications on the discussed equilibrium 
and secondiy because I would not make it appear as if I attached 
too much importance to the hidden equilibria, showing the continuity 
between the equilibria which can be observed and which seem 
discontinuous without the hidden ones. However, some noteworthy 
particularities would have presented themselves, and so, induced by 
questions of Dr. Smirs on subjeets in which suchlike particularities 
occur and at his request, I will briefly discuss at least the principal cases. 

The differential equation (see the preceding communication) has 
the following form for constant value of p: 


dt ur dT 
y—a® d =: 
(2: — &y) ( ee 2/+ 7 


Let us think the (7',x),-eurve of the fluid equilibria inter se construed. 
If the second component is more volatile than the first, the two bran- 
ches of this eurve descend. In fig. 1 this (7',x)-curve is closed on the 
side of the second component, and it is therefore assumed that the 
pressure chosen lies above the critical pressure of this component. 
Further in fig. 1 the curve of the fluid phases has been drawn, which 
coexist with the solid body. For so far as these phases lie within 
the eurve of the fluid equilibria, they are not to be realised or with 
diffieulty. In fig. 1 it has been assumed that the eircumstances are 
chosen in such a way that this curve passes the region of fluid equi- 
librium twice, as is the rule for lower pressures and so also for 
lower temperatures. 

If the value of the pressure increases, and so also the value of 7, 
the curve of the fluid equilibria inter se ascends, while its form is 
modified at the same time. The curve of the equilibria with the solid 
phase ascends also with p, but in a smaller degree, at least on the 
side of the liquid equilibria. Now in fig. 1 we have ascribed such 
a value to the pressure, that there are still two different three phase 
equibria, while in fig. 2 a value is ascribed to », at which the solid 
body coexists with a plaitpoint phase of the fluid equilibria — so 
that above that pressure the curve of the equilibria with the solid 
phase passes only once through the region of the equilibria inter se 
of the fluid phases. In fig. 3 p has ascended so far thät there is 
again equilibrium between the solid body and a plaitpoint: phase. 

For still higher value of p there are no longer three phase equi- 
libria and the curve for the equilibria of the solid body with a fluid 
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phase has got quite detached from the eurve for the equilibria inter 
se of the fluid phases. 


In the two previous communications on this subject]. ec. I discussed 
2 


d’ 
the values of FR and ws, and I refer to them for more partieulars 
«db pT 


on the course of the (T',«),-curves. 

I will only discuss here one more partieular point oceurring in 
these curves for the case that the two surfaces of equilibrium, viz. 
that for a solid phase with a fluid phase and that for the fluid 
equilibria inter se, get detached at a value of 7’ and p below that 
of the plaitpoints. 

The figures 4, 5, 6 and 7 refer to this. In this case the two intersections 
of the curve of equilibrium between the solid and the fluid phase with 
the region of the fluid phases will meet at a certain pressure in a point 
of the spinodal curve on the liquid side, and then concur to one 
single curve. In this case the meeting point becomes a double point, 
and at still higher values of p a part is detached, as it is drawn in 
fig. 6, and at still higher value of p it has contracted to a single 
point lying on the spinodal curve on the vapour side. 

It has further been assumed in these diagrams that the two 
branches of the spinodal curve, also if we have to do with a (p,,7)- 
surface, lie inside the surface. At high temperatures and in the neigh- 
bourhood of a plaitpoint this is, of course, the case. At lower tem- 
peratures, however, the branch of the spinodal ceurve, which lies on 
the liquid side in a (v,x,7’)-surface, moves to the vapour side in a 
(p,x, T)-surface, and gets even far outside the surface. In the same 
way the branch of the spinodal curve, which lies on the vapour side 
in a (v,x,T)-figure, moves to the liquid side in a (p,x,7’)-surface, 
and at low temperatures it has even got outside. 

This is the consequence of the fact, that the value of x and 7 
determines a phase indubitably only when moreover the value of v 
is given. If the value of p is given, then three different phases may 
be indicated by this value. I shall, however, not enter more closely 
into the treatment of the complications which are the consequence 
of this, here. I shall only just mention that the point where the hidden 
equilibria disappear in fig. 7, can lie in quite another place than is 
the case in fig. 7. 
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Physics. — “On the hidden equilibria in the p-«-diagram ofa 
binary system in consequence of the appearance of solid 
substances.” By Dr. A. Smirs. (Communicated by Prof. J. D. 
VAN DER WAALS). 


1. Some time ago Prof. van DER Waars'!) showed that in a 
binary mixture (A, B) one of the two p-T7-lines for the three phase 
pressure, viz. that which runs from the eutectie point to the higher- 
melting substance (D), can present some particularity. 

It proved, namely, that at the triplepoint this p-t-line must have 
the direction of the melting line (of D). 

As for most substances v; >», or in other words the substance 
expands when melting, increase of pressure causes as a rule a rise 
of the melting point. 

If in the p-i-projection, (Fig. 1), the triplepoint of the substance 
B is denoted by d, then the melting line dg will in most cases 
run from the triplepoint to the right, and as the three phase line 
cd must have the direction of dg at d, this three phase pressure line 
will have to present the partieularity, that it does not only possess 
a maximum of pressure, but also a maximum of temperature, as is 
represented in Fig. 1 in an exaggerated manner. 


2. As has been shown before?) and will be further discussed in 
the second paper, in a dissociating composition the same course may 
be found on a larger scale, and it is this part of the three phase 
line, that is the most important in compositions. Therefore it seemed 
desirable to me to examine the p-x-diagrams from the triplepoint to 
higher temperatures for the simple case discussed just now, and to 
treat the compositions afterwards. 


3. The p-a-diagram at the triplepoint, and at a temperature 
slightly higher are presented in Fig, 2. 

As appears from Fig. 1, we find a double section of the three 
phase line for the first time at the triplepoint, when coming 
from lower temperatures, and a consequence of this is, that 
besides at the triplepoint pressure, three phases may also oceur 
at a much higher pressure. This case is more closely defined in 
Fig. 2 by the p-=-diagram corresponding to the temperature f.. 
The lowest three phase pressure or the triplepoint pressure is repre- 


1) These Proc. Vol. VI, p. 230, 
%) Baxnuis Roozegoon, Zeitschr. f. phys. Chem. 4. 31. 
STORTENBEKER, R Be 4 3. 71. 
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sented by the point g, where the liquid curve acg, the vapour 
eurve aeg and the solubility isotherm ceg meet. 

The second three-phase pressure is represented by the eurve ecs 
and lies considerably higher. The coexisting phases have here different 
concentration, and are denoted by e,c and s. Here cis the saturated 
liquid phase and e the vapour phase which coexists with the solid 
phase s. 

If we now start from these three phases, and lower the pressure 
at constant temperature, we reach the region for solid B -+ vapour, 
as Fig. 1 represents. So below the three phase pressure ecs and 
above the triplepoint pressure of B, only vapour can occur by the 
side of solid 3 in stable condition, and the eurve representing the 
vapours which can coexist with solid B is the lowest branch of the 
continuous solubility isotherm, viz. eg. 

The line ac denotes the unsaturated liquids coexisting with the 
vapours Ilying on the line @e. The lines eg and eg represent meta- 
stable conditions, viz. supersaturated solutions with their coexisting 
vapours. The curve ce /, the upper part of the solubility isotherm 
represents the liquids coexisting with solid 2. 

The second p-z-diagram, represented in Fig. 2, corresponds with 
a somewhat higher temperature z,. We are now above the triplepoint 
temperature and the lowest three phase pressure is not a triplepoint 
pressure now, but perfectly comparable with the highest three phase 
pressure. A result of this is, that we get below the lowest three 
phase pressure a reflection of what takes place above tlıe highest 
three phase pressure. The solubility isotherm f, ce, e, e', cd, fi cuts, as 
it were, a portion out of the region for liquid 4 vapour, on account 
of which between the two occurring three phase pressures indicated 
by the curves e,c,s, and e', cd, s',, only solid B can coexist with 
vapour in stable condition. The line c', fı', like c, f, represents now 
the liquids coexisting with solid 3, and the portion e, e', the vapours 
coexisting with solid D. 

As to the whole course of the solubility isotherm it may be observed 
that this line has now two maxima, two minima and four vertical 
tangents. For the portion f, c, €, the points of contact of the vertical 
tangents lie in the metastable or the stable region, whereas those 
for the second piece e', c', f are situated in the unstable region. 

Ät higher temperatures the three phase pressures draw nearer and 
nearer to each other and coincide finally, as may be seen from fig. 1. 

When we examine this change in the p-x-diagram it appears that 
the points e, and c, move downward and at the same time to the 
right, whereas the points e', and c', move upward and to the left, 
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As to the points a, and y,, they move upward with increase of 
temperature. 

The result of these shiftings must of course be, as has been just 
said, that at the maximum temperature of the three phase line (see 
Fig, 1) the two three phase pressures become equal, and the points 
c, and c',, like e, and e',, coincide; then the solubility isotherm does 
not cut the liquid line any longer, but just touches it in the point 
where c, and c', have coincided, after which no three phase pressure 
is possible and the solubility isotherm has got detached from the 
liquid line. 

Though all this seems very simple, the representation of the inter- 
mediate stages presented some diffieulties, which Prof. v. D. WaaLs 
was kind enough to remove by allowing me to examine some T7’-x- 
diagrams corresponding with pressures respectively smaller, equal 
and larger than the three phase pressure, in wlrich exactly the same 
succession of states oceurred '). 

What has been drawn in accordance with this in the figs. 3, 4 
and 5, may be brought into words in the following way: 

When the two three phase pressures have drawn so near, that 
the two branches of the solubility isotherm would touch, intersection 
takes place, and we get a curve as is indicated by „a dl, cı fı 
in Fig. 3. Immediately afterwards, i.e. at somewhat higher temperature 
a portion gets detached, as represented in Fig. 4 and we get two 
solubility isotherms; one is fee f' and the other forms a closed 
curve ee'd, a part of which (ee) runs through the stable region. 

At the maximum temperature of the three phase line the two 
three phase pressures ecs and e'c's' have coincided, as is represented 
in the diagram corresponding with the temperature Z,, in Fig. 4, 
and the solubility isotherm fc, fi no longer cuts the liquid eurve, 
but only Zouches it in the point c.. 

With the exception of this one point it runs therefore wholly 
through the stable region. The other closed branch no longer cuts 
the vapour curve, but only touches it in e,; further this branch 
as a whole has contracted through the shifting of d to d,. This 
second branch of the solubility isotherm lies therefore at the maximum 
three phase pressure partly in the unstable region, partly in the 
metastable region. 

At a temperature slightly above the maximum temperature of the 
three phase curve #,, the solubility isotherın ff is quite detached 
from the liquid curve, as is represented in Fig. 5; in the same 


1) See the foregoing paper by van DER Waaus. 
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way the closed branch has got detached from the vapour branch, 
and has further contracted. At the temperature z, the distance between 
the solubility isotherm /, f', and the liquid eurve has increased, and 
the closed branch has vanished, after having contracted to a point. 


4. In the figs. 6, 7 and 8 I have drawn the »-x-sections of the 
v-x-t-space diagram for the case discussed here ; they follow immediately 
from the v-x-sections, given by me last year '). 

The section indieated by continuous lines in Fig. 6 holds for the 
triplepoint temperature Z,. There aecb is the region for liquid + va- 
pour, ehc the three phase triangle, Aed the region for solid 
B-+ vapour, dc fm the liquid region and chn f the region for solid 
B + liquid. 

The curve for solid-fluid or the solubility isotherm dec,f meets 
the metastable vapour branch ed exactly on the line for the substance 
B, because at the triplepoint temperature of B the vapour which is 
in equilibrium with solid 2, is perfeetly the same as that which is 
in equilibrium with liquid 2. 

At a somewhat higher temperature the curve for solid-fluid cuts 
the vapour and liquid curve twice each, just as was the case in 
the p-x-diagram. The curve for solid-fluid has then a shape as is 
indicated by the dotted line f, ad, c,f, in fig. 6°). Just as in 
the p-x-diagram, this line cuts a piece out of the liquid-vapour region ; 
in consequence we get two separated regions for liquid and vapour 
viz. a,e,c,b, and e',d, h,c,. From this particular situation ensues 
further the existence of two three phase triangles, viz. c, e, g, and 
c',e',g,, between which is situated the region for solid B + gas 
9, €, two liquid regions db, c, fm and h,c', f, and two regions 
for solid B-+ liquid viz. g,c, fı and ch fi. 

With increase of temperature the line solid A + fluid assumes the 
shape of a loop, as is indicated by the line fc edecf' in fig. 7;on 
this follows immediately detaching of a part, splitting up into two bran- 
ches, viz. into the line f',c',c, /fı and the closed line e, e', o. At the 
maximum three phase temperature (fig. 8) the line cf" touches the 
liquid line and the closed line eoe touches the vapour line. Above 
this temperature the two lines get detached from the liquid, respec- 
tively the vapour line and the closed line e, 0, e, disappears as a point 
in the metastable region. 


1) These Proc. Vol. VI, p. 484. 
2) At a temperature, only very little higher than the triplepoint temperature, 
a part of the branch e', cı f', will fall outside the line for B. 
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5. Fig. 9 represents the most interesting part of the projection of 
the p-t-x-space diagram on the p-7-plane for the case that the plait- 
point curve meets the solubility curve, as with ether and anthra- 
quinone. In this fig. the possibility has moreover been assumed, 
that the second plaitpoint temperature it, of a saturated solution lies 
above the triplepoint temperature t,. Fig. 10 represents for this case 
the p-x-sections corresponding with the teınperatures zZ, and t, (see 
fig. 9). 

The section for t, differs from the second section in Fig. 2 only 
in this, that the liquid branch passes continuously into the vapour 
branch with the point X as plaitpoint. If we now pass on to lower 
temperatures, the downmost three phase pressure becomes smaller 
and the upmost greater, while the plaitpoint pressure diminishes. In 
consequence of these last two changes the points e, c and K get 
nearer and nearer to each other, and when we have descended to 
the temperature Z,, the points e, c and ÄX have coincided or in other 
words the upmost three phase pressure has become a plaitpoint 
pressure; this eircumstance is accounted for in the p-z-section, corre- 
sponding with the temperature t, (Fig. 10). 

At the temperature Z,, the triplepoint temperature, for which no 
p-x-section is drawn here, because it immediately follows from that 
for t,, the remaining downmost three phase pressure has become 
triplepoint pressure, and the points e',, cC', and g, have coincided. 

Below this temperature the p-x-sections over a certain temperature- 
range consist only of a solubility isotherm of the shape of d,qfı 
in Fig. 10, as 'has been discussed before. 

That the case assumed in Fig. 9 is not often to be realized, is 
obvious, but that it is a possible case, is, in my opinion, not doubtful 


Amsterdam, June 1905. Chemical Laboratory of the University. 


Physies. — “Contribution to the knowledge of the px- and the pT- 
lines for the case that two substances enter into a, combination 
which is dissociated in the liquid and the gasphase.” By Dr. 
A. Smers. (Communicated by Prof. J. D. van DER Waars). 


The purpose of the following paper is to give a connected repre- 
sentation which is in logical connection with the p,x,t-diagram which 
has been recently drawn up by Baknuıs RoozEBooMm and in which it is 
assumed that only the components can occur as solid phases, for the 
most important particularities of the equilibria between a vapour, 
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liquid and solid phase for the case that the last is a dissociable 
combination. 

Some of the points mentioned in what follows had already been 
given by him), but it was not till now that they could be 
combined into a connected whole through the knowledge obtained 
during the last time (see inter alia the preceding paper). 


1. For the case that two substances A and B enter into a com- 
bination, I shall distinguish three cases. 

1st that the vapour tension of the combination lies between that 
of the components. (fig. 1). 

2rd that ihe vapour tension of the combination is smaller than 
that of the components. (fig. 2). 

3'd that the vapour tension of the combination is greater than 
that of the components. (fig. 3). 


2. If we bear in mind that for the case that the combination 
does not dissociate, a p--section for the system A+ AB-+B is to 
be considered as a junction of the two systems A+ ABand AB+B, 
it is not diffieult to combine the p-w-sections for the system A+ AB+B 
for different temperatures into one diagram. 

If we first examine case 1, where the vapour tension of AB lies 
between that of the components, it may be observed, that in the 
system A-+ AD, A is the substance with the higher and AB that 
with the lower vapour tension, whereas in the system AB-+B, AB 
has the higher and B the lower vapour tension. Bearing this in 
mind, we get, led by the diagrams given by me before °?), to fig. 1, 
in which the hatched regions am EE, |, EB, ee, e,de,as,dd EE, e' 
and E'E',!l,T,!,am',m';m’,m’ indicate the vapours and liquids which 
coexist with solid phases (A, AB, AB and DB) at different tempera- 
tures. We shall call these regions henceforth the three phase regions ; 
they have as base the line which joins the points E with E, res- 
pectively £' with E', and are bounded on one side by a vapour 
line and on the other side by a liquid line. The latter has already 
been called solubility curve before. At and below the eutectic 
temperature the p-x-section is simplest and it consists for each of the 
two systems of two lines representing the vapours which can cvexist 
with solid A or solid AB respectively with solid AB or solid 2. 
Such a p-x-section is found in the lines k0g0 E', %, where it must 
be expressly stated that og. and 9 &', do not form a continuous 
curve, but are two separate branches, which cut at 9.. 


1) Rec. Trav. chim. 5, 335 (1886). 
2) These Proc. Vol. VI, p. 484. 
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In the point o coexists a vapour with the two solid phases A and 
AB and the point E’, denotes the composition and the pressure of 
the vapour phase which can coexist at the eutectic temperature 
with a liquid Z’ and two solid phases AD and DB. 

In the second p-a-section the curves k, 1, 9, e, 9, € and k', ! represent 
vapours coexisting with solid phases; the lines mc and m’ c' denote 
the liquids eoexisting with the vapours el and e'!, while the lines 
ms, cf, cf and m’s' represent liquids coexisting with solid phases. 

What change this section is subjected to with rise of temperature 
is so easy to follow from the diagram, that it does not call for a 
discussion. 

It may only be observed here that for the case that the combi- 
nation reaches its critical point sooner than the components, we get 
somewhat above this temperature a p-x-sectfion which consists of two 
loops d, x and d',y, in which the vapour branches have continuously 
passed into the liquid branches, and an opening has been formed 
between the two loops. This, however, does not complete the p-x- 
section, for, solid phases may still occur by the side of liquids at 
higher pressures, though above the critical temperature of AB and 
the melting point of A and BD, when viz. A, B and AB melt with 
increase of volume, as generally happens. Thus the lines A,s, 9, fs 
9sf. and 4,s', represent the liquids which can coexist with a 
solid phase at the same temperature. 

After this discussion of fig. 1, it is not necessary to give a fur- 
ther explanation of figs. 2 and 3, which represent the second and 
third case, as these figures do not. present any essential differences 
with fig. 1. 


3. It is more interesting to see what happens, when the combi- 
nation AD dissociates somewhat. In this case the total p-x-section 
is no longer to be considered as two separate p-w-figures joined, but 
as one whole and we arrive therefore at the conelusion, which sounds 
rather paradoxical, that the characteristie feature of a combination 
becomes apparent only when the combination is somewhat decomposed 
into its components. All the curves which meet at an angle in the 
figs. 1, 2 and 3 at the place of the line for the combination, now 
pass continuously into each other. This applies, therefore, not only 
to the gaslines, but also to the lines which bound the three phase 
regions. 

With regard to the gradual transition of these three phase regions, 
it may be observed, that it does not take place at the point where 
the three phase region lines cut the line for AB, but always left 
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or right of this line, dependent on the mutual influence of the 
vapour tension of the components. 

In order to elucidate this important point I have indicated in the 
figs. 4, 5 and 6 what shapes the three phase regions hatched in the 
figs. 1, 2 and 3 can assume in the neighbourhood of the line for 
the combination, in the case that a slight dissociation takes place in 
the liquid and gas phase. It is not improbable that there will also 
be dissociation in the solid phase in this case, but this is not taken 
into account here, in the first place because it is most likely exceed- 
ingly slight, and in the second place, because the diagram becomes 
much more intricate, when this dissociation is taken into account. 

Fig. 4 corresponds to fig. 1, fig. 5 to fig. 2 and fig. 6 to fig. 3. 
For fig. 4 it may be remarked, that for the case that the vapour 
tension of the combination lies between the vapour tensions of the 
components, the liquid and the vapour line draw very near to each 
other somewhat past the line of the combination, on the side of the 
component with the smaller vapour tension, but that they do not 
reach each other, so that there remains a gap between them, from which 
follows, that in the series of liquids and vapours which can coexist 
with solid AB, not a single point can be pointed out where vapour, 
liquid, and solid phase have the same concentration, nor is there a 
point where a vapour and a liquid phase have the same concentration. 

This latter is only the case when the vapour tension of the combination 
lies between those of the components, for when the vapour tension of 
the combination is smaller or greater than those of the components, 
we get according to a rule of GısBs a three phase region with a 
minimum, fig. 5, or with a maximum, fig. 6, and at the place of 
this minimum or maximum the concentration of the vapour and 
the liquid phase müst be identical. 

If we now discuss figs. 4, 5 and 6 at the same time, we may 
remark, that there for a special temperature the situation is indieated 
of the two three phase pressures ecs and c,e,s, and the continuous 
line for solid-fluid or solubility-isotherm. This line must have an 
horizontal tangent at the point where it cuts the line for the com- 
bination. For this case is viz. 2/=4s, or {he concentration of the 
fluid phase is the same as the concentration of the solid phase and 
then it appears from the equation drawn up by van DER Waaus for 


the equilibrium solid fluid: 
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If we now examine the changes with rise of temperature, it is 
noteworthy, as will presently become clear from the p-t-lines, that we 
have here to deal with changes quite analogous to those discussed in 
the preceding paper. The three phase pressure lines ecs and c, & 8, 
approach each other and coincide at #CS. This coineidence takes 
place at the maximum temperature of the p-t-line for the three phase 
pressure. One of the two three phase pressure lines sec and s, ec, 
must therefore pass through the positions indicated by e',c', and ec, 
before it eoincides with.the other. Now it follows from the three phase 
‚pressure line e', c', that the gas phase e', has the same concentration 
as the solid combination, while the liquid phase c', has another 
concentration. The three phase pressure line e'c' on the other hand 
indicates, that the liquid phase c' and the solid phase have the same 
concentration, while the gas phase e' has-another concentration. 

We see therefore, that the three phases solid-liquid-gas have not 
the same concentration at any pressure, but that they become two 
and two equal. We may express this also in this way: When a 
combination dissociates in the liquid and the gas state, then this 
combination has no longer a triplepoint, for this point has split up 
into two other points where vapour and solid respectively- liquid 
and solid get the same concentration. 

After I had written this paper, I found to my surprise, that 
already in 1897 van DER Waars had arrived at the same result by 
a way which I intended to discuss later on and for which the diagrams 
had been already drawn '). 


4. In order to make the difference between a non-dissociating 
and a dissociating combination more apparent, we consider the case, 
that we bring the dissociating combination AB in solid condition 
into a vacuum, and make tbe temperature rise continually. 

The solid substance AB will, when tbe volume is not too large, 
coexist with its vapour, till’the pressure has become equal to that 
indicated by the point e,'; at this moment a third phase appears, 
viz. liquid. As the total concentration must always be that of AB, 
it is necessary that the concentration of the vapour phase lies on 
one side, and that of the liquid phase on the other side of the line 
for AB; as follows from the figures 4, 5 and 6 this is really the 
case. With rise of temperature three phases continue to exist for 
some time side by side and the vapour and liquid phases coexisting 
with solid AB lie on the same horizontal line. The liquid phase 
lies on the liquid branch c’c,' and the vapour phase on the vapour 


1) Verslag Koninkl. Akad. 21 April 1897, 482, 
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branch ee, while the solid phase lies naturally on the line @@. 

With a suitable volume the three phases may now continue to 
exist over the whole range of pressure and temperature indicated 
by ec, but then the vapour phase must have disappeared when 
we have reached the point c', for in the point c' the liquid has the 
same concentration as the solid combination. 

Beyond the maximum, respectively minimum in figs. 5 and 6 the 
eoncentration of liquid and vapour is, of course, always different, 
just as in fig. 4, and as the line for the combination never coineides 
with this maximum, respectively minimum, when there is a maximum 
or minimum, in the above mentioned case the two phases will 
necessarily only get the same concentration, when two phases 
coexist. 

At c', we leave the three phase region, which we had entered 
ät e, and coexistence of solid A B-+-liquid at higher temperatures 
can now only take place under higher pressure. 

VAn DER Waars has called the temperature of the point e,' the 
maximum sublimation temperature and that of tbe point c', the 
minimum melting point temperature or the melting point proper of 
the combination. 

Further it is worthy of note that as appears from the figs. 4, 5 and 6, 
the highest three phase temperature cannot be reached when we 
start from pure AD, as this temperature corresponds with a total 
eoncentration which contains more A than the combination. 

It is obvious from the foregoing, that the distinguishing feature 
between a non-dissociating and a dissociating substance is this, that 
whereas for a non-dissociating substance the three phases can only 
exist at one temperature, they can coexist for a dissociating substance 
over a certain femperature range. We may express this also in this 
way: a non-dissociating substancee has only a three phase point, 

but a dissoeiating substance a three phase line. 

Before leaving figs. 4. 5 and 6 I will point out, that the solubility- 
isotherm at the maximum three phase temperature has a shape 
which is indicated by the line f'C'f',. This line touches the liquid 
branch at (' and has an horizontal tangent at the point where it cuts 
the line for the combination. At: higher temperature the solubility 
isotherm gets detached from the liquid line and moves asa whole upward. 

5, It is obvious that the two three phase pressure lines ecs and 
e, 6,5, must coineide at the maximum three phase temperature, but 
where the place of coincidence in the three phase regions must be 
drawn is a point which calls for further elueidation from the sub- 


joined p-t-projeetions. 
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In the tigs. 8, 9 and 10, I have drawn projections for the cases 
1, 2 and 3. Fig. 8 corresponds to case 1, fig. 9 to case 2 and.fig. 
10 to case 3. The meaning of the different lines is indicated by 
letters; thus A denotes the solid substance A, B the solid substance 
B and AB the solid substance AB, L denotes liquid and @ gas. 
E and E' are-the two euteetic points, a and a’ the triplepoints of 
pure A and. 2. 

The p-t-projections show further that we have here a three phase 
line for AB+ L-+ @ consisting of two branches passing continuously 
into each other, and that we must find here the phenomena discussed 
in the preceding paper, on a larger scale. As already appeared from 
the p-2-sections, the triplepoint has split up into two points F and 
F'. In the point F there is contact with the line for AB+.L and 
in F' with the line for AB+ @. 

Though for the systems AB-+L and AB-+G we have to deal 
with systems of two components in two phases, they behave as 
monovariant systems, because the concentration of the two phases is 
identical. This is however not the case for the system liquid AB + 
vapour, and this is the reason why the line for Z + G, which begins 
in F, cannot be represented; at constant temperature, the pressure 
is here still depending on the volume. 

The point F does not correspond to the maximum three phase 
temperature, and that is the cause of the analogy with the case 
discussed in the preceding paper. 

For the cases 1 and 2 the three phase line must have the direction 
of the melting line »at the melting point F, as van DER Waaus has 
proved. As in most cases v, >»,, the melting line runs from the 
melting point to the right. This involves the necessity that the point 
F, (see fig. 8a) lies below R, i.e. at a pressure smaller than that 
corresponding to the maximum three phase temperature. If we there- 
fore proceed to higher pressure, the succession is: F', F,R. It is 
also obvious from the relative situation of these three points, that 
in figs. 4 and 5 the pressure corresponding to the maximum three 
phase temperature ES, must lie somewhat above the melting: point 
pressure e' c'. 

Let us now consider the rare case that vı < v,, so that the melting 
line runs to the left, as is represented in fig. 85. Then the point F' 
lies above the point R, and the succession towards higher pressure 
is F',R,F. A consequence of this situation is, that in. this case the 
two three phase pressure lines ecs and c,e,s, (figs. 4 and 5) must 
coincide between the pressures corresponding tot .F' and F. This, 
however, not being the only modification which oeeurs in figs. 4 and 
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5, I have represented in fig. 7 the figure into which fig. 4 is 
changed when v; <v,. 

We see then, that something peeuliar appears i.e. a continuous 
closed solubility isotherm G@ecfc,e,, which contracts more and more 
with rise of temperature, and disappears from the stable region at 
the maximum three phase pressure. 

When the lower three phase pressure line c,e,s, has ascended to 
e, C,, or in other words, when we consider the temperature of the 
point F', the solubility isotherm has assumed the shape indicated by 
the line e,e,'c,'f,c,. At this temperature the minimum of the solubility 
isotherm, which was still in the stable region before, gets into the 
metastable region. If we raise the temperature up to the melting 
point of AB or to the temperature of the point 7, the former phe- 
nomenon is repeated with respect to the maximum, which just below 
this temperature was still to be found in the stable region. Accordingly 
at still higher temperature no maximum or minimum oceurs in 
the portions of the solubility-isotherm , passing tlırough the stable 
region, and we only retain the lines c,c', and e,e',. Tbese lines 
become smaller and smaller with rise of temperature, and the two 
three phase pressure lines e,c, and e',c', approach each other more 
and more, till they have coincided at the maximum three phase 
temperature in ESC. The branches of the solubility isotherm touch 
at this temperature exactly in the points Z and C. With further rise 
of temperature they retreat altogether to the metastable and unstable 
region, after which they disappear''). 

In the case that v,>v, solid AB can still coexist with liquid 
above the maximum three phase temperature, viz. under higher 
pressure, but this is not the case when v,<{v,, which also follows 
already from the figs. 8a and 8. 

We see further that in fig. 8 two three phase lines occur with a 
maximum temperature, in fig. 9 only one, and in fig. 10 three. 

Fig. 9 shows, that the case 2, where the vapour tension of the 
combination is smaller than that of the components, is certainly the 
most interesting case, as it can yield a three phase line with a 
minimum and two maxima, which had been unknown up to now. 

As to the situation of the two branches of this peculiar three 
phase line we may still remark that only one of the possible cases 
is drawn here. These branches may pass through each other or 
partially coincide, but this does not make any essential difference. 

Remarkable complications present themselves, when it is assumed 


1) Later on I hope to discuss the course of !he solubility isotherm in the meta- 
stable and unstable regions between the temperatures of F' and F more in details. 
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that meetings take place between solubility lines and plaitpoint lines, 
but to this I hope to come back afterwards. 

In the lower parts of figs. 8, 9 and 10 the projections of the 
solubility lines on the 7"x-plane or the melting curves under the varying 
three phase pressure are represented. From this we see that these 
lines, commeneing at the components or the combination, must not 
always be drawn descending from the beginning, but that they will 
often first ascend, and descend after having reached a maximum. 

These particularities have disappeared when we trace the melting 
ceurves at constant pressure or a f-w-section at constant 9. 


Amsterdam, June 1905. Chemical Laboratory of the University, 


(August 17, 1905). 
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